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METALLURGIA 


RESTORATION 
OF Sr. PAUL'S 
CATHEDRAL 


Ir is natural that the restoration of St. Paul’s Cathedral 
national interest, as in a measure it is a 
Yet the fire of London was 


should have a 
reminder of a great calamity. 
not altogether a disaster; following the plague it be- 
queathed the prospect of a healthier London. In the 
rebuilding of the devastated city on lines consistent with 
her lofty status, the country genius in 
Christopher Wren, who had the resourcefulness, initiative, 
and skill for the stupendous task. The Cathedral, which 
represents his greatest work, was commenced in 1675 and 
completed in the year 1710. The weight of material in the 
structure is tremendous, and in view of the nature of the 
subsoil over which it is built, grave anxiety has been felt 
from time to time respecting the safety of the fabric. 
Even in the year 1781 repairs were considered to be 
necessary, and in 1914 an extensive scheme of restoration 
was begun which for about five years was concentrated 
more particularly on the S.W. pier of the dome. 
The serving of a ‘ dangerous struc- 
ture” notice by Mr. John Todd, then 
surveyor to the City Corporation, caused 
much criticism, and was the means of 
the Cathedral being partially closed on 
March 31, 1925, but there is no doubt 
his action focused attention upon the 
need for more effective restorative work 
than had hitherto been recognised. In 
this restoration, now nearing completion, 
the dome, peristyle, and supporting piers 
have been given special attention, and 


pe ssessed a 





Reinforced with Corrosion Resisting 
Steel 
when originally completed by W ren. 


the Structure 1s safer than 


seriously affect the permanency of the structure. In the 
case of St. Paul’s, it has been necessary to exercise great 
care to ensure that measures taken to reinforce the supports 
should be permanent. The value of stainless steel for such 
a purpose became obvious, though considerable research 
work was necessary to overcome some very real difficulties 
its use presented. The rough and easily oxidizable surface 
of ordinary iron or steel bar used for reinforcing cement 
or concrete adheres firmly, whereas, in the case of a descaled 
bar of stainless steel, the surface is bright and does not 
rust, with the result that adhesion is very low. This 
difficulty was eventually overcome by making use of oval 
bars having flattened indentations at intervals in their 
length. Under test, a bar thus prepared required a force 
of nearly 20 tons to extract it from cement, while the plain 
bar was withdrawn by a force of less than 3 tons. Con- 
currently with the cementation of the piers, the reinforce- 
ment with stainless steel bars has been completed, over 









































because of the extraordinary character of 








the work, unusual methods have been, and 
are being, adopted to ensure security to 8 
the fabric. It has been customary to 
reinforce concrete with iron or steel over 
a long period of time, and the eight piers 
were so reinforced, but in the restoration about {150 “of 
these iron cramps in the ashlar facings surrounding the 
cores have been removed. It is the deterioration of these 
that have given so much trouble in the past. 

While ordinary iron or steel can be relied upon and is 
safe to reinforce concrete when no cracking is likely to 
occur, any access of air to the iron or steel through cracks 
or fissures in the concrete will cause rapid corrosion and 














Construction of Steel Belt for Dome. 


250 bars, varying in length from 7 ft. to 18 ft., having 
been used in each pier. These have been so arranged that 
the ashlar facing and the core have been securely tied 
together in order to add definitely to the unity and stability 
of the piers. 

As far as the dome is concerned, much work has been 
necessary, and not a little ingenuity involved in restoring 
it with added stability. The dome, as is fairly well known, 








136 METALLURGIA 


consists of an inner and outer shell, the former having a 
diameter of 108 ft., and the latter 148 ft. The outer dome, 
built of timber covered with lead, rests on a brick cone, its 
lower portion forming the drum, of which the windows 
admit light: within this dome the interior dome is built. 
In the restoration a bracing system has been adopted 
between the inner and outer domes from the level of the 
Whispering Gallery upwards. The system consists of 48 
large diagonal ties, distributed around the perimeter of the 
drum structure, the lower bearing plates of which are 
bedded in the masonry of the Whispering Gallery, with the 
upper plates resting on the outer drum at peristyle level. 
These tie-rods are 4jn. diameter and 40 ft. long, and are 
of special stainless steel, having each end screwed, and 
were secured with washers and nuts made from similar 
material. In addition, these large tie-rods are supplemented 
by about twice the number of smaller horizontal ties, 
distributed equally near the upper and lower levels; the 
system of bracing being completed by concrete slabs which 
displace the lead and timber roofing at the peristyle level, 
and act as struts between the drums. An interesting feature 
in connection with the bracing system of the domes is a 
huge chain of stainless steel to form a belt around the 
outer drum, just above the tops of the buttresses. 

This chain is about 450 ft. long, and consists of 30 
articulations, pin-connected. The articulations are formed 
alternately of three and four eyebars, and all the eyebars 
are drilled and seamed to such fine limits of accuracy and 
interchangeability that the pins were dropped into place 
with only a few thousandths of an inch clearance. The 
proof stress of the chain is 1,000 tons (that is the stress it 
will withstand without permanent set), and its weight 
about 30 tons. 

Considerable difficulty was experienced in getting this 
chain belt in position, but when finally accomplished, it was 
tightened slightly by wedging out from the drum and then 
encased with cement as an additional precaution against 
corrosion and temperature effects, the wedges being with- 
drawn during the progress of the work. Another chain of 
great length has been made, and is being grouted in position 
around the lower part of the peristyle. It weighs nearly 
40 tons, and will be suitably anchored to the four bastions, 
which are tied together with stainless steel bars 

There is no doubt that these belts of steel will check 
any cumulative increases in the circumference of this part 
of the fabric, and when the restoration work is finally 
completed the Cathedral will be safer than when it was 
opened originally, on its completion by Wren. A careful 


TESTING APPARATUS FOR WIRE ROPES. 
RECENT research work in the Electrical Engineering 
Department of Sheffield University has been chiefly con- 
cerned with the development of an_ electro-magnetic 
apparatus for testing wire ropes. This work has been 
carried out in co-operation with the Carlton Collieries Asso- 
ciation and the British Thomson-Houston Company. The 
main purpose for which the apparatus has been developed 
is to detect internal flaws in colliery winding ropes, although 
It can be 
used for testing wire ropes operating in any serv ice, such 
as the mooring ropes for airships, the wire ropes for cable 
tramways, and like purposes. 

In accordance with the regulations laid down by the 
Mines Act, winding ropes in collieries must be taken out of 
service after 3} years. This is a safety precaution to prevent 
accidents due to internal flaws which it has hitherto been 
impossible to detect by non-destructive methods. As 
such ropes are costly, and as it is probable that many such 
ropes are now compulsorily put out of service that are 
capable of considerable further life, the scope for a reliable 
electro-magnetic testing apparatus for detecting whether 
a rope is sound or not is a wide one. A complete electro- 
magnetic rope-testing equipment has been installed in the 
Hatfield Main Colliery near Doncaster. 


its application is not restricted to this purpose, 
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measurement is being made at regular intervals, linear 
and theodolite measurements being recorded and the 
results are plotted and allowance made for the normal 
eycle of changes dependent upon temperature, so that a 





check can be kept from which any movement is determined. 
Many hundred tons of special stainless steel have been 
built into the structure, for which a number of Sheffield 
firms have been responsible. In addition, much tubular 
steel has been necessary to form scaffolding under the 
Whispering Gallery, and for temporarily encasing the piers 
while holes were drilled for reinforcing and grouting. 

The rustless character of the reinforcing material is 
particularly advantageous, as, even though cracks may 
develop in the concrete and expose the steel to the effects of 
moisture, the strength of the reinforcing member will not 
be weakened. 


ROLLER BEARINGS. 
THE use of anti-friction bearings in the early motor-cars 
proved to the maker and user alike that the primary 
function of the bearings—that of reducing friction between 
the rotating and stationary parts—-was not the only duty 
which such a bearing could be relied upon to perform. Its 
resistance to wear, even under very adverse conditions, as 
compared with the plain bearing, has in turn contributed 
largely to the success of ail mechanically-propelled vehicles. 

The progress of the motor-car to its present high position 
of speed and reliability, and the growth of its sister vehicle, 
the commercial lorry, with the consequent increased loads 
on all parts, has led to the introduction—or rather the 
perfection—of the roller bearing, said Mr. T. W. Cooper, 
in a paper read before the Royal Society of Arts recently. 
The chief characteristic in which this bearing differs from 
its predecessor, the ball bearing, is in the rolling medium, 
which, as the name implies, revolves about one axis. This 
rolling member usually takes either a cylindrical, conical, 
or barrel-shape form, the first two giving contact for their 
full length with both races, whilst the third gives a contact 
a little in excess of the ball with either of its races. 

In the case of the cylindrical roller, the axes of the 
rollers and the bearing must always be parallel, so that 
twist, or canting, which would result in loss of efficiency 
and early destruction of the bearing, is avoided. 
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Modern Developments in Plant for 
the Manipulation of Steel 


By T. W. Hand, M.I.Mech.E. 


The vital importance of Mechanical Equipment to Progressive Development in the use of 
Iron and Steel was emphasized by the Author in a Paper read before the Sheffield Society 
of Engineers and Metallurgists, the following extract of which we are permitted to publish. 


Ir can be justly claimed that the British forging press has 
set the world’s standard, but, curiously, this country has 
been slow in responding to possibilities of expediting 
handling of the work at the press, although such possi- 
bilities have long been well known. In America, precisely 
the same press has been in many instances developed into 
what might be termed a huge forging machine by equipping 
the press with a mechanical manipulator, which, under 
the control of one operator, performs all the arduous duties 
of the usual gang of men engaged with levers and porter 
bars. Already more than thirty such installations of this 
class have been made on the other side of the Atlantic, 
and it is gratifying to note that a first machine has already 
been built in this country. This machine has a lifting 
capacity of 15 tons, and is fully universal, with travelling, 
lifting, and tong-rotating movements, which enable the 
operator to handle the forging in any way desired. 

In a typical layout of a press plant, arranged for forging 
relatively small ingots into axle blooms or similar products, 
the manipulator, in some cases, swings round a central 
pivot so as to draw from either of two continuous furnaces 
in serving the press. There are few forging installations 
where these manipulators could not be usefully employed, 
and for plain repetition work remarkable performances 
have been recorded, Taking as an example a 1,000-tons 
press plant in America, served by two manipulators, one 
on each side of the press, ingots about 12 in. square and 
1,200 lb. weight are cogged down to 6 in. square blooms, 
and fed direct to a bar-mill at the rate of 32 ingots per hour, 
or 135 tons per 8-hour shift. For moderate output, such 
an installation offers a more remunerative return than a 
blooming mill of like capacity, but for really large produc- 
tion the mill still holds the field. 

A modern blooming mill also recently built in England 
for one of the near continental countries, is specially 
arranged for economical reduction of 3 to 4-ton ingots into 
blooms for finishing mills of varying size, and can easily 
deal with 100 tons of ingots per hour. All movements 
comprised in feeding the ingot into the mill and effecting 
its reduction are handled by three operators in an overhead 
pulpit, and the product is cut up as required at one or other 
of two shears located in tandem with the mill delivery table. 
The total operating force on the mill, from receipt of ingot 
from the soaking-pit crane to discharge of sheared product, 
does not exceed six or seven men. 

Large finishing mills, in view of the weight of product 
handled, are almost as dependent on mechanical equipment 
as the blooming mill, whose product they receive. Further- 
more, the finishing mill normally runs at a considerably 
higher speed, and is therefore more adversely affected by 
lack of mechanical efficiency. 

During recent years considerable development has been 
made in the improvement of existing mill trains from the 
viewpoint of increased efficiency of the transmission, a 
typical example referring to the driving end of a 30-in. 
finishing mill train, which was engaged on high production 
of miscellaneous structural! sections, the output being about 
200,000 tons of finished material per annum. The driving 
engine, installed many years ago, although of good-class 
three-cylinder construction, had, in spite of periodical 
augmentation of the steam pressure, given the impression 
of being the governing factor to influence still further out- 
put of the mill. 


It so happened, however, that about three years ago 
certain obvious mechanical defects in transmission came 
under review, and on it being decided to re-design the 
mill housings for greater convenience of roll changing, 
opportunity was also taken to reconstruct the whole train 
between engine and mill. The new provisions comprised 
a main engine coupling of universal type, high-class 
machine-cut, fully enclosed mill pinions, provided with 
continuous pump lubrication for teeth and neck bearings, 
also fully universal type of driving spindle between the 
upper pinion and the top roll of the mill, where a constant 
driving angle of varying degree occurs, through the some- 
what widely differing centres of rolls which are of necessity 
used in a mill of this class. This particular spindle is of 
unique and patented construction, the principal feature of 
which is comprised in the special coupling box engaging with 
the roll-end wobbler, this box having trunnion pins formed 
on its outer periphery for supporting the swivel blocks 
around which angling takes place. This construction 
increases the virtual length of the spindle very considerably 
by spreading the trunnion centres to the greatest centre-to- 
centre length, thereby overcoming a difficulty always 
previously encountered in attempting to apply a universal 
spindle to an existing mill, where available lengths are most 
generally strictly limited. 

These changes were prompted by considerations more 
usually associated with durability and reduced main- 
tenance charges, and whilst such improved results were 
expected and, in fact, realised, an altogether unexpected 
and very material increase in output of the mill resulted 
from liberation, and use in the actual work of rolling, of that 
proportion of engine power which had formerly been 
absorbed by an obviously inefficient transmission line. 

Another item of interest refers to a mechanical ** hooker,” 
which was provided at each side of the rolls for easier 
manipulation of the product. The manipulation of the 
piece on heavy finishing mills presents considerable diffi- 
culty, as, quite apart from the weight to be handled, 
profile of section varies so considerably as to make the 
difficulties of effective handling by purely mechanical 
means almost insurmountable, and even where 
manipulators are installed, it is imperative that lever men 
or hookers should be in attendance for manipulation of the 
more difficult sections which are at times rolled. The 
mechanical © hooker ” referred to consisted of a long beam 
trunnioned about a point remotely located from the mill 
rolls, and elevated by hydraulic power or other convenient 
means at its free end. 

As regards small finishing mill equipment, it cannot be 
claimed that great advances are being made in this country. 
Several very fine installations of continuous and semi- 
continuous mills of American type have been made, each 
of which has fully demonstrated its capacity for high ton- 
nage, with minimum cost of conversion, but in a general 
sense the engineers’ opportunities are being limited to 
improvement in the design of power transmitting elements 
and features of greater convenience around the actual roll 
stands. It will be appreciated, however, that so long as the 
producer is satisfied to man-handle all his product after 
rolling, whatever the design and efficiency of the actual 
roll train, the scale of production must inevitably be 
determined by the limits of human endurance, and the only 
possibility as regards improved commercial results from 

(Continued on page 142.) 
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‘* KASENIT’”’ ELECTRIC FURNACES. 
By A Sprectat CORRESPONDENT. 
INVESTIGATION of the Kasenit * electric furnaces shows 
that they are rapid and reliable up to temperatures of 
1,400° C., and in special models up to 1,500° C. Also, owing 
to the moderate demand made upon the heating elements, 
the working life of the furnaces should be unusually good. 
They can be supplied with an automatic control, which 
ensures an even temperature at any desired point within 


4+5°C, 








Single-chambered Furnace. 


The muffle furnace, with horizontal muffles, illustrated, 
is a single-chambered furnace made with a casing of steel 
plates, suitably insulated to prevent radiation losses. The 
casing is held together by a framework built up of steel 
angles to which are fixed the switches, the electrical con- 
nections being protected by a steel wire cage which can 
be easily removed if desired. Standard fire bricks are used 
in the construction, so that repair work is made easy. The 
door is counterbalanced, and hangs inside the furnace 
casing, so reducing to a minimum the danger of a cold 
mouth. 

The heating elements are of the Silit rod type, and are 
in a separate unit, easily removed by disconnecting a 
terminal screw. This means that a single element can be 
replaced without disturbing the other elements or the 
firebricks Pyrometer holes can be made in the top, side, 
or back of the furnace, to suit requirements. 

As an example of the current consumption for a furnace 
of this type, the following are approximate figures 

Inside Measure-nent of Maximum Current Consumption 


Chamber (Heating-up Efficiency) for 


350° C 1200° C 1oo0 ¢ R00 ¢ 
Je ( elig , . 
epth Width Height Kws Kws. Kws. Kws 
1} } in 7§ in. 5} in 12 10.5 9 6 


These furnaces are particularly suitable for hardening 
of tool steels, alloy steels, and case-hardening work, and 
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can be fitted with a temperature regulator which will 
operate up to 1,200° C, 

The double-chambered type of furnace, also illustrate, 
is designed specially for the hardening of high-speed steel. 
The pre-heating chamber is placed underneath, so that the 
heat radiated from it helps the bottom heat of the upper 
hardening chamber. Both chambers can be regulated 
separately—i.e., the pre-heating chamber can be kept at 
800° C., while the hardening chamber may be at 1,300° C. 
The hardening muffle is given a wider feed aperture than 
is required for single bars, this being closed by means of a 
vertically lifting door. 

A furnace of the following dimensions will heat a piece 
of steel of 1) in. section along 6 in. of its length to 1,380° ©. 
inside five minutes, after pre-heating to 800°C. in the 
lower chamber. 


Maximum 


Depth Width. Height. Current 

Consumption 
Hardening Chiimber iiin = in. 2 in. 4 kw. 
Pre-heating Chamber ff in jin 2 in. 2 kw. 


The high temperature chamber can be fitted with a 
contact galvanometer, which will operate up to 1,600° C, 
The Salt and Lead Baths are crucible furnaces heated 


from the outside by means of Silit rods. The good heat 





Deuble-chambered Furnace. 


conductivity of the metal crucible, and the high insulation 
of the firebricks give a very high efficiency. The crucibles 
are usually of the nichrome type, but can be made of 
pressed steel. As an example of the efficiency. of the 
crucible furnace, the following figures give the approximate 
current consumption : 

Inside Measurement of Maximum Current Consumption 

of Crucible in Kws. 
Diameter. Depth. 
5 in, 9} in. 8 
These furnaces may be arranged for direct or alternating 

current of various voltages and phases, 
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Centrifugal Casting Process 


By J. E. HURST. 


Continuing his notes on Centrifugal Casting, the Author refers to Difficulties 
experienced in Developing the Process. 


It is a matter of general metallurgical interest to notice 
briefly some of the defects which have been encountered in 
the development of the centrifugal process as applied to 
cast iron, and which appear to be characteristic of this 
process. These take the form of : (1) Surface laps, (2) sur- 
face splashes, (3) surface depressions, (4) pinholes, (5) spongy 
patches on inside surface, (6) roughening of inside surface. 

These defects, it will be noticed, are all surface defects, 
and whilst in bad cases they may extend below the sur- 
faces of the castings, they are invariably self-evident from 
superficial examination. This is an important advantage 
of centrifugal casting in that if they are free from super- 
ficial defects they can be relied upon to be free from internal 
defects. This cannot be said of sand castings. 





“ 


Fig 6 Surface Laps in a section taken from a Centrifugal 


— 
Casting in Broo 


Surface laps, as their name implies, consist of layers of 
metal not completely attached or welded into the mass of 
metal forming the casting. They may exist in the form of 
complete annular rings round the casting, and they may 
be unevenly distributed along the length of the casting. 
They very frequently show from the irregular shape of their 
edges that longitudinal displacement of the molten metal 
has occurred, thinning out the liquid meta! and thus 
permitting it to cool so rapidly as not to be absorbed by 
subsequent metal added to the mould. They may be 
caused by the cold mould during the initial stages of 
warming up the mould. They are also caused by irregular 
pouring and incorrect speed conditions. A typical example 
of these in a section of a non-ferrous centrifugal casting 
is shown in Fig. 6, 


Splashes. 

From many points of view these may be regarded as cold 
laps on a minute scale, and in their various stages they 
appear as rounded or elongated layers of comparatively 
smal! area, embedded in the outside surface of the castings. 
They may arise from irregular pouring and_ incorrect 
velocity of pouring conditions, causing undue turbulence 
in the liquid metal on the mould surface. Conditions may 
be obtained between the velocity of the metal stream and 
the mould at which the molten metal is splashed across from 
the point of pouring to the opposite side of the mould in 
the form of drops, which solidify in the surface of the on- 
coming molten metal. Such splashes are usually evenly 
distributed over the length of the casting. Splashes also 


arise when the rate of pouring and the velocity of rotation 
are such that the initial layers of metal supplied are 
extremely thin; under these circumstances the surface 
tension is sufficient to break up the continuity of the liquid 
layer, and it tends to aggregate into drops. This would be 
assisted by the dusty condition of the mould surface and 
the presence of plumbago, which is frequently used for 
dusting the mould surface. 
Surface Depression and Pinholes. 
These troubles have been previously discussed by the 


writer and also by Williams. There are probably several 
types of pinholes, and most certainly two. These two types 





Fig. 7. Showing Surface Pinholes or Depressions of Type 1. 


are illustrated in the photographs, Figs. 7 and 8. Pinholes 
of type 1 are more prevalent in castings made by the 
horizontal weir-edged trough and in castings made in cold 
moulds. They also appear under certain conditions when 
the mould is insufficiently hot. They take the form of 
superficial depressions of an inverted trumpet shape, more 
or less evenly distributed over the surface of the casting. 
It is significant to note that they never appear on the 
flanged end of a casting, and there is invariably a short 
band at the extreme end of the castings. free from these 
depressions. 

This type of pinhole is undoubtedly due to the entrapped 
air or gases between the casting and the mould. The 
above casting was poured using a horizontal weir-edged 
pour. The absence of these pinholes on the flanges and at 
the ends of the castings is due to the facility with which 
the air can escape through the joints of the end walls of 
the mould. The greater thickness of material at the flange 
end, on account of the longer period of time required for 
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solidification, gives more opportunity for the gases to 
escape through the molten metal. 

Unless the can advance in front of the metal 
stream, or issue from the edges of the metal stream, they 
must make their way out through the molten metal. The 


gases 





Pinholes of 


Fig. 8 Type 2, penetrating considerably radially 


n the metal thickneas 


second type of pinhole, as will be seen on reference to the 
sketch photograph, Fig. 8, consists of narrow holes literally 
covering the outer surface of the casting, and extending a 
considerable distance into the radial depth of the casting. 
They may, and frequently do, extend right through the 
casting, ending in a tiny eruption on the inside surface, or 
leading into a patch of unsoundness. The unsoundness is 
indicated by a characteristic “ rumpling”’ of the inside 
surface, indicating considerable pressure just under 
the surface in the partly solid, causing the lifting of a portion 
of the inner layers. 

On the extreme outer the holes have narrow 
entrances, and expand on entering the thickness of the 
casting into a pear-shaped hole. Others are parallel for a 
considerable distance and end in a somewhat larger 
spherical hole. The pinholes are usually bright and free 
from oxidised surfaces The microphotograph, Fig. 9, 
clearly shows the bending of the primary crystals due to the 
entry of the gas, indicating that the hole was formed in the 
partly solid state. 

These pinholes appear under a wide variety of conditions, 
indicating the complexity of their origin. They almost 
invariably appear when a casting sticks in the mould and 
the local area at which the casting sticks is usually riddled 
with pinholes. In a like manner they occur underneath 
laps, and they appear to be consistently produced when the 
temperature of the mould is too hot. 

A very early observation connected the occurrence of 
these pinholes with the composition and condition of the 
molten metal. This illustrated with the 
percentage of pinholes plotted against the phosphorus 
content of the iron over a period of casting. The increase 
in phosphorus content is immediately accompanied by a 
considerable decrease in the percentage of pinholed castings. 
This at once suggests that the pinholes are in some manner 
connected with the fluidity of the iron, and the greater the 
length of the fluid period due to the phosphorus content, 
the less the number of pinholed castings, and vice-versa. 

It is possible that in many cases the pinholes are partly 
due to entrapped air, and that these pinholes are a further 
stage of development of the type No. 1. For the most 
part, however, they are due to the dissolved gas evolved 
from the solidifying metal. Alteration in the casting 
conditions, casting temperature, and pouring time affect 
their appearance, as do also alterations in chemical com- 
position. In this respect this type of pinhole is caused 
not so much by the pouring and speed conditions, but by 
the temperature and other thermal conditions of casting. 

Surface depressions of an enlarged type occur. These 
take the form of elongated hollows in the direction of 
rotation of the casting, and are often accompanied by a 
nest of tiny rounded pellets loosely attached to the surface 


yas 


edge 


may be 
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at the edges of the depressions. These are due to indis- 
criminate and turbulent pouring, and the pellets probably 
result from considerable agitation of the molten metal. 


Frothy Inside Surfaces. 

The appearance of lumps of solid black spongy masses 
on the inside surface of the casting are probably due to the 
same cause. Froth of this nature is generally found on the 
extreme edges of the castings. This is undoubtedly due to 
the agitation of the molten metal during pouring, and to its 
dissolved gas content. There is no doubt that the pouring 
of molten metal is in many ways analagous to the pouring 
of a bottle of beer or lemonade, which can be poured in such 
a manner as to prevent or produce froth at will. When the 
liquid solidifies, this froth is to be found in a solid state on 
the inside surfaces of the castings. 


Characteristic Roughening of the Inside Surfaces. 
Smoothness of the bore is an important feature in cast- 
iron pipes, although the increased tendency to adopt 
concrete lining probably does not render this so necessary 
in many cases. This fact, however, does not make it any 
the less important to understand why the characteristic 
roughness appears on the inside surfaces of castings. 

Under certain conditions the castings are liable to show 
very rough inside surfaces, which take various forms. 
This rough appearance is more frequently met with in thick 
castings over jin. in thickness, and is not so common 


in castings below this thickness. 





Fig. 9. Type 2. 


Lightly Etched 


Photom tcrograph of Pinholes 


100 Diameters. 


The principal cause of this rough surface appearance 
is to be ascribed to the manner in which the cooling of the 
casting as a whole takes place. The ideal conditions of 
pouring appear to be those in which the last metal in the 
mould at any time has almost reached the solidification 
point before any further supply of metal is forthcoming, 
so that when the final layer is poured the casting is solid 
almost immediately. Under these conditions the maximum 
liquid shrinkage of each layer has occurred before the next 
one is applied. If a considerable portion of the radial 
thickness of the casting is liquid when the pouring is 
finished, the liquid shrinkage and gas evolution has to take 
place from this considerable volume of metal, and no 
further supply of liquid metal is available to make good 
the volume changes. This shrinkage and gas evolution 
take place in such a manner as to leave an irregular surface. 
There is no doubt that for any given system of pouring 
there is a correct pouring time for any given dimensions 
of casting. 
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L.N.E.R. 
High-Pressure Locomotive 


Metallurgical Features. 


Many interesting features have been referred to by our 
contemporaries with reference to the recently constructed 
experimental locomotive of the L.N.E.R. Some features 
are, however, of particular interest to metallurgists, and 
by the courtesy of Mr. H. N. Gresley, C.B.E., and Messrs. 
John Brown and Co., Ltd., we are enabled to give more 
detailed information. 





Fig a Trepanned Ingot. 


The boiler for this locomotive, which has been designed 
and patented by Mr. Harold E. Yarrow, C.B.E., and Mr. 
H. N. Gresley, C.B.E., is of the 5-drum Yarrow water-tube 
type. The working pressure of this boiler is 450 lb. per 
square inch, and the designer considered it satisfactory 
to make use of solid forged open-ended drums with dished 
ends, subsequently riveted in. 

The quality of the material used is to Lloyd's require- 
ments, and the drums are manufactured under Lloyd's 
survey to give the following mechanical tests : 

Tensile . 28 to 32 tons per sq. in. 


Elongation , 29 to 25%, in 2 in. 


It is of interest to note that tests were taken from each 
end of each drum. This practice may be done in either a 
longitudinal or transverse direction, in order to check 
mechanical properties. 

The steel was manufactured by the Siemens open-hearth 
acid process, and falls within the following limits of 
analysis : 


Carbon. Silicon. Sulphur. Phosphorus. Manganese. 
o ” “o o 0 
0.20 to . O10 to O.05 O.05 0.50 to 
0.24 0.25 Maximum Maximum 0.80 


The actual composition of the steel used in these drums 
corresponds to the following analysis : 


| 
Carbon. Silicon. |Manganese.); Sulphur. 


Steam Drum 0.23 0.14 | 0.59 0.039 
Water Drums.....| 0.20 0.11 0.56 0.039 


Phosphorus.| Nickel. | Chromium. 


Steam Drum s aaiie ‘ 0.038 O.14 0,05 
Water Drums ..... ; ‘ 0.032 0.20 0.04 


The method of manufacture follows the usual practice 
of the company, which is based on many years’ experience 
in the manufacture of hollow forgings of all sizes. The 
ingot, after casting, a process which is under the super- 
vision of a highly trained metallurgical staff, was first cut 
to length, ample discard being removed from both the 
bottom and top ends to ensure soundness of the trepanned 
piece. It was then trepanned with a hole of suitable 
diameter for the commencement of the forging operation, 
as in Fig. 1, which proceeds by the two processes of expand- 
ing—i.e., working in a circumferential direction—and 
drawing—i.e., working in a longitudinal direction—until 
the forging is finished, as shown in Fig. 2, which indicates 
the large diameter drum. 

The drums were subsequently carefully annealed to 
remove all forging stresses and to put the structure of the 
steel into the best possible condition for giving the required 
mechanical properties. It should be particularly noted 
that the absolute removal of internal stress is essential 
in forgings of this character, where the drum is finally 
to be machined to a remarkably thin wrapper plate. On 
the completion of the annealing process, the drum was 
tested in the presence of the surveyors, and was then ready 
for final machining, to which some reference will be of 
interest. 

The test material being first parted from the ends of the 
drum, it is rough turned, rough and finished bored, and 
finally finished turned, the requisite set down being made 
for drums is riveted, and the taper portion for the 
fitting of the dished end being accurately bored to size. 
The drums are subsequently transferred to the planing 
machine, the thickness being reduced where necessary for 
the wrapper-plate portion of the drum, and the pads being 
carefully finished to the required dimensions. The illustra- 
tion, Fig. 3, shows the steam drum in its finished machined 





Fig. 2. Finished Forging for Large Diameter Drum. 


condition. Each drum is subjected to a thorough examina- 
tion by the surveying authority, after which it is ready 
for despatch to the boiler-maker for tube drilling, riveting- 
in of the ends, and finally building into the locomotive. 
The steam drum has an inside diameter of 3 ft., and is 
27 ft. 118 in. long. The water drums, which are placed 
on either side of the firebox, each have a diameter of 18 in. 
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and a length of 11 ft. and 2in., two other drums, which 
are placed under the forward part of the boiler, each have a 
diameter of 19 in., and are 13 ft. 5? in. long. 

Another item of considerable metallurgical interest is the 
high-pressure cylinders. The engine is a four-cylinder 
compound type, having two high-pressure cylinders, each 





Steam Drum in 


Finishe i¢ ‘onditi mm. 


12 in. diameter, and a stroke of 26in. These cvlinders 
are placed very close together, the object being to increase 
bearing surfaces for axle-boxes. The inside ecvlinders. 
which comprise the two high-pressure cylinders, are of 
steel instead of the customary iron casting. The two 
cylinders are combined together with the steam chests and 
low-pressure reservoir to form a complicated steel casting. 

The coupling rods of this engine are of nickel chrome 
alloy steel, having the following composition : 

Carbon. Silicon. Manganese. 


Sulphur. Phosphorus, 


0.33 : 0.21 0.60 0,032 0.039 


Nickel. 


3.42 


Chromium, 


0.60 


and are standard in design. 





Modern Developments in Plant 
for the 
Manipulation of Steel. 


(Continued from page 137.) 


these mills lies in the consideration of mechanical handling 
of the product after leaving the rolls. . 

This aspect is looked upon as fundamental by the 
designers of continuous and semi-continuous mills. the 
aggregate of equipment comprised in scientific cooling, 
straightening, cutting up and storing the product being 
almost equal to, and in many cases even exceeding, that 
comprised in the mill trains. The use of this class of small 
mill plant has for many years been standard practice in 
America, and is fast spreading to continental countries. 
The successful development of such plant calls for a high 
order of technical skill on the part of both engineers and 
metallurgists in employing to best advantage materials 
available for arduous conditions of service. These latter 
considerations, of course, apply equally to the design of 
heavier mill equipment, particularly as regards driving 
gears, which have now been developed in accordance with 
more scientific understanding of the principle of lubrication. 

In this respect no industry presents a greater problem 
than that associated with steel works equipment, where 
great extremes of heat, presence of dust and mill scale, 
intensify the difficulties already sufficiently great in 
dealing with transmission of great power, 
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Effects of Grinding Case-Hardened Steel. 

By H. SWAIN. 
THE majority of case-hardened work, whether it be plain 
carbon or alloy steel, has to undergo some form of grinding 
operation after it is hardened. When this is carried out 
dry it is known to reduce the hardness considerably, and 
for this reason very little work is ground in this way. 
It is thought, however, by some people that given a copious 
flow of coolant and fine cuts, very little softening takes 
place. The softening which is noticed is put down to grind- 
ing which has been forced. This only occurs in isolated, 
cases, and is often put down to the presence of soft spots 

Up to the present time the whole idea of hardness of 

case-hardened steel has been based on the relative 
‘ seratchability " of the work with a file. If work has been 
* filed hard *’ before and after grinding it has been assumed 
that no softening has taken place. The file test becomes 
erratic and misleading when testing material with a 
Brinell hardness of 700 (diamond) and above. Many 
people do not realise that in everyday production hardness 
much greater than “ file hard ” is obtained. Case-hardened 
steel will give figures anywhere between 800 and 980 
diamond hardness, depending on the type of steel used, 
and whether it is quenched in oil or water. Previously, 
for an article to resist the file—i.¢., to possess a diamond 
hardness figure anywhere above 700—was taken to be quite 
sufficient, but of recent years the severe requirements of 
high-speed internal-combustion engines, etc., have neces- 
sitated a research into the actual hardness of case-hardened 
work. The advent of diamond-testing machines has met 
this demand. 

Employing one of these instruments, the author came 
to the conclusion that all production methods of grinding 
result in a reduction of the hardness of case-hardened steel. 
To give one or two examples : 

A case-hardened bar of 1 in. diameter, and possessing 
a hardness figure of 900 was carefully ground on centres 
with line contact and a plentiful supply of coolant. After 
removing about 0-006 in. from the diameter, the hardness 
was found to be 800—that is, a fall of over 10°,. From 
numerous tests, this may be taken as a fair average of the 
softening effect by this method of grinding. 

The grinding of gear teeth is more brutal than the above, 
with a consequently greater reduction in the hardness. 
Probably the * form *’ wheel method results in the greatest 
softening. With an original hardness of 900, the author 
has found the flanks of gear teeth to be softened to a 
diamond hardness of 730 and lower. This is a reduction 


of 18°. With gear grinding on the generating principle, a 
reduction intermediate between the above two sets of 


figures was usually found. 

The foregoing remarks clearly illustrate several points 
of interest. The first is that the utmost care should be 
taken when grinding case-hardened work by any method. 
The second is that great care and thought should be given 
to the selection of the steels used, for some will give much 
greater original hardness than others. Thirdly, the work 
should be systematically tested, other than with the file, 
to ensure that the greatest hardness, or at least a uniform 
hardness, is obtained before the work is subjected to 
grinding. 

Now that diamond-testing machines are available to the 
public in several forms, and their accuracy is recognised, 
a very useful line of research would be a comprehensive 
investigation into the effects of grinding on the hardness 
of all classes of steel. The ultimate results wouid be of great 
value to many branches of the engineering industry. 


EXCHANGE OF RIVETS WITH GERMANY. 

A German vessel bringing to Tees-side a cargo of German 
steel rivets for British shipbuilders, left the river with pure 
iron rivets for German ships. Messrs. W. Richards and Son, 
Ltd., are the exporters of the cargo of pure iron rivets, which 
are to be used in the hulls of German steamers. 
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British Industries Fair 


Brief Metallurgical Review. 


ADVANCE information respecting the exhibits at the 
Birmingham Section of the British Industries Fair, which 
opens at London as well as Birmingham on February 17, 
indicates how effectively manufacturers are visualising the 
needs of the buyer. The Birmingham Section is particularly 
interesting from a metallurgical and engineering point of 
view, as the exhibits represent the whole range of British 
production, from the raw material to the finished article, 
in the ferrous and non-ferrous industries. The variety, 
character, and quality of the exhibits speak volumes for 
the progressive spirit of our manufacturers, and indicate 
the strenuous efforts continually being made to maintain 
a foremost position for British products in the markets 
of the world 

In this section of the exhibition it is natural that con- 
siderable attention should be given to stainless steels, 
which have been developed to such an enormous extent 
during the last few years. It can be literally stated that 
these special corrosion-resisting steels are now used for the 
production of a thousand and one different articles, in 
fields as wide apart as domestic appliances, paper-making, 
and textile machinery from shop-fitting and interior 
decorative work to chemical plant ; and from golf clubs to 
reinforcement in the dome of St. Paul’s Cathedral. Many 
of the exhibits of this alloy steel will prove very attractive 
because of the brilliant surface maintained, but an endless 
variety of products in other allov steels are of equal import 
ance, only a few of which can be referred to here. Heat- 
resisting steels have a wide range of utility that is constantly 
growing, combining high resistance to heat, both as 
regards scaling and strength, with properties usually 
associated with steel, such as tenacity, ductility, 
malleability, and machinability. Special steels will be 
exhibited to meet the increasing temperatures and pressures 
now coming into use in steam plant, and where the main 
problem is ability to sustain stresses at advanced tempera 
tures, without other special considerations such as corrosion 
or oxidisation. A new steel will be on view which is non- 
magnetic, of high tenacity, and yet machinable Special 
high-speed steels will be much in evidence. Particular 
attention is directed to the higher speeds that have become 
possible as a result of developments in the production of 
these steels, and, in addition, to their effectiveness in 
cutting super-hard materials The use of chrome- 
molybdenum steel, introduced for aircraft tube work, is 
being used increasingly for other purposes. It is about 
three times stronger than ordinary carbon steel, and can 
be readily manipulated and welded. An interesting feature 
is a new alloy marketed under the name ** Nickel-chromium- 
iron.” This alloy is claimed to be resistant to nitric acid 
and the mixed acids used in the nitration process. Cold- 
worked steels in all qualities, wire, and bright-drawn steel 
bars in a large variety of sections, black and bright strip 
steel, hard or annealed, hardened or tempered, and a wide 
variety of types of steel, including case-hardening steel, 
will be represented among the exhibits. 

it will be appreciated that some difficulty exists in 
exhibiting rolling-mill plant, but some examples will be on 
view, while photographic illustrations will play an important 


part in showing the range of products associated with the 
working of heavier sections. 

Among so many interesting exhibits, one of outstanding 
interest will be the furnaces for annealing, hard. -ing, 
tempering, case-hardening and normalising steel, aud for 
the annealing and heat-treatment of brass, copper, alu- 
minium, and other non-ferrous metals and alloys. Quite 
a number of these furnaces will be used to demonstrate their 
effectiveness for their particular work, whether heated by 
gas, oil, or electricity. Melting furnaces, too, have been 
considerably developed recently, particularly electric 
furnaces for the melting of ferrous and non-ferrous metals. 
One of these of the rotary type for melting non-ferrous 
metals and alloys will be exhibited, and the smaller fur- 
naces for steel melting will be represented, but larger 
furnaces will be illustrated by photographs. 

The iron foundry is gradually being modernised, and 
equipment capable of adequately coping with developments 
in layout are on view. Modern cupolas, with various 
types of fans and blowers, disintegrators, mixers, and 
general equipment for reconditioning sand, moulding 
machines, sand-blasting equipment, rotary drum separators, 
etc.. make an imposing display. The products of the 
foundry have not been neglected. Castings on view, whether 
of steel, iron, bronze, brass, or aluminium will bear com- 
parison with similar types of castings produced in any 
country in the world, not only in regard to finish, but in 
the quality of metal used in their production. Particular 
attention is directed to the exhibits of malleable iron cast- 
ings, more especially to the results being obtained in the 
production of black-heart malleable castings ot various 
types. A new cast-iron alloy will be of considerable 
interest. It is claimed to possess pronounced resistance to 
heat oxidation up to 600° C., and is free from the destructive 
growth which characterises cast iron. The wide variety 
of intricate die-castings produced by the gravity and 
pressure systems indicates the progress being made in the 
development of this section of the industry. Further 
development in the process for higher-temperature metal 
and alloys will be illustrated, and it will be possible to 
visualise, in some measure, the important possibilities of 
continued development. 

A comprehensive range of non-ferrous products will be 
in evidence, including cold-rolled brass of various alloys 
and copper; solid-drawn brass and copper tubes ; brazed 
brass and copper tubes of varying sectional shapes ; 
polished and lacquered-cased tubes; all forms of extruded 
brass: some excellent examples of modern shop-front 
work in bronze, and a wide variety of domestic fittings in 
brass. The value of monel metal is illustrated in many 
ways. Its application in power plant, as well as chemical 
and textile plant, indicates briefly its wide field of utility. 
The labour-saving advantages of solid brass and bronze 
pressings will attract a considerable degree of attention. 
These pressings are made to very fine limits and from a 
variety of alloys. 

Complete ranges of plant specially designed for welding 
will be on view. Welding has made tremendous progress 
in all branches of the metal industry, and modern equipment 
to cope with varying needs will have its special appeal. 

The question of suitable refractory materials to meet 
special conditions is intimately associated with the metal 
industry, and refractories produced in this country can 
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claim to successfully combat foreign competition, whether 
on the score of price, quality, reliability, or prompt delivery. 
In addition to firebricks, magnesite, chrome, silica, and a 
wide variety of other types of refractory bricks, British 
sands for all classes of foundry work will be displayed. 

Scientific considerations, involving analytical and physical 
testing of all classes of metals, alloys, and materials used 
in production, the machines and equipment involved, and 
a wide range of pyrometers, will form an important part of 
the exhibition. In addition, there will be a representative 
collection of instruments for a wide range of engineering 
and industrial purposes. 


STAINLESS ALUMINIUM. 


CONSIDERABLE research work has been done during recent 
years in developing aluminium alloys possessing a high 
resistance to corrosive influences. It is true that many 
valuable alloys have been developed, but their anti- 
corrosive properties have not been excessively pronounce 1. 
The development of an aluminium alloy which would resist 
corrosion and yet possess good physical properties would 
mark a definite advance in aluminium metallurgy. This 
claim is made for such an alloy, developed by Mr. ‘Tullis 
and referred to in an article entitled “A New Advent in 
Aluminium Metallurgy.” by Mr. Aston, and published in 
this issue. Mr. Tullis has been engaged on research work 
for many years, during which time he has been gradually 
perfecting compositions and processes to facilitate the 
production of a stainless aluminium possessing reasonably 
good physical qualities. 

The most important of the aluminium alloys are those 
that range between 5 to by A of copper 2.4 /11-18%, copper 
zinc, and 5 to 13°, silicon. It is generally acknowledged 
that the copper-zine alloys have good physical properties, 
but their resistance to corrosive influences is not good. 
The silicon alloys are superior in this respect, and, in the 
modified condition, the physical properties are distinetly 
good, excluding the yield-point, which is relatively low. 
Each particular alloy, however, has its own merits and 
demerits. Mr. Tullis carried out a salt-water test, using a 
wide variety of different alloys and by eliminating those 
that developed the greatest defects he continued his 
investigations with the few remaining alloys. His con- 
clusions as a result of further tests are full of interest. They 
illustrated that alloys having copper in excess of 2°, had 
low resistance to corrosion, the liability of copper-zine 
alloys to corrode, and though silicon and nickel alloys did 
not corrode rapidly they did develop pitting. The most 
resistant of the alloys contained pure zine as the only 
alloying element used. This bears out the statement made 
in the eleventh report of the Alloys Research Committee, 
which refers to machined surfaces of binary zinc-aluminium 
alloys being practically immune from corrosion in sea-water. 

Valuable information from further corrosion tests was 
obtained after having fully investigated the performance 
of each promising alloy. It was concluded that the most 
resistant alloys have a narrow range of composition, mainly 
solid-solution alloys, and they possess good physical 
qualities. 

In his investigations Mr. Tullis concluded that the two 
distinct causes of corrosion were the composition of the 
alloy and the presence of unsoundness. In the former, 
compound or compounds can usually be traced which cause 
a difference of potential and galvanic action. With 
unsoundness as the cause, when the alloy is otherwise 
corrosive resistant, the removal of the unsoundness is the 
only remedy. The presence of dissolved or partially 
dissolved gases in the alloy are the primary cause of 
unsoundness. The gases most commonly present are 
hydrogen, acetylene, nitrogen, carbon dioxide, and carbon 
monoxide, and oxygen is also present in a combined form. 
The passing of a highly active gas, like chlorine, through the 
molten metal proved to be an effective method of driving 
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out these gases, and, adopting this method, purification 
occupies from 4 to 15 mins. Tests made on treated and 
untreated alloys showed that certain alloys have a marked 
increase in resistance to corrosion and improved ductility 
as a result of treatment. Further investigations favoured 
the use of a chlorine compound in preference to the element- 
ary gas. A number of alloys have now been produced 
varying somewhat in physical properties, but all have 
high resistance to corrosive influences and are claimed to be 
particularly suited for a wide range of castings. 

It is the results of further research with which our 
contributor deals, the aim being to produce an alloy of such 
a corrosion resisting quality that it will readily be classified 
as the stainless alloy of non-ferrous metallurgy. 


Forthcoming Meetings 





INSTITUTION OF MECHANICAL ENGINEERS. 

Feb. 21. Annual general meeting. Report of Council for 1929 ; 
Sixth report of the Steam-Nozzles Research 
Committee to be discussed. 

Mar. 7. Extra general meeting. ‘*‘ The Strength and Design 
of Fusion Welds for Unfired Pressure Vessels,” 
by L. W. Schuster, M.A. 

THE JUNIOR INSTITUTION OF ENGINEERS. 

Feb. 21. “The Application of Electric Welding to the 
Erection and Strengthening of Steel Structures,” 
by KE. P. S. Gardner, B.Sc. (Hons.). 

INSTITUTE OF METALS. 

Feb. 27. “ Creep of Metals at High Temperatures,” by R. W. 
Bailey, B.Sc., Birmingham Section. 

Mar. 12, 14. “ Electric Heat-treatment Furnaces,” by A. G. 
Lobley, M.Sec., Swansea and Sheftield Sections 
respectively. 

Mar. 12, 13. Twenty-second annual meeting held in the Hall 
of the Institution of Mechanical Engineers, 
Storey’s Gate, London, S.W. 1. 

THE ROYAL AERONAUTICAL SOCIETY. 

Feb. 27. * Latest Developments of Aero Engines,” by A. J. 
Rowledge, M.1.A.E., F.R.Ae.S., A.M.Inst.C.E« 
Joint lecture with Institution of Automobile 
Enginers at 18, John Street, Adelphi, W.C. 2. 

INSTITUTE OF BRITISH FOUNDRYMEN. 

Feb. 17. Joint meeting. Paper, arranged by Institution of 
Electrical Engineers, by Capt. P. P. Eckersley, 
Sheffield and District Branch. 

‘Pearlitic Cast Lron and Perlit Lron,” by H. J. 
Young, F.1.C., Birmingham, Coventry, and 
West Midlands Branch. 

* Welding of Cast Iron,” by W. Steel, London Branch. 

‘Moulding Sands,” by Colin’ Presswood, B.A., 
Newcastle Branch. 

‘Aluminium Castings,” by A. Harley and F. H. 
Hurren, Birmingham Branch. 


Feb. 18. 


Feb. 2 


2 
Feb, 22. 


~= 


! 


Feb. 28. 


Mar. 1. * The Foundry as a Machine,” by G. E. France, 
Lancashire Branch. 

Mar. 1. ** Some Interesting Moulding Jobs,’ by E. Longden. 
Wales and Monmouth Branch. 

Mar. 1. * High Quality Cast Irons for Diesel and Compressed 


Cylinders.” F. J. Cook, M.1.Mech.E., West 
Riding and Yorkshire Branch. 


Mar. 8. * The Foundry Cupola,” by John Cameron, Scottish 
Branch. 

Mar. 11. “Jobbing Castings,” by A. Sutcliffe, Lancashire 
Branch. 

Mar. 14. “ Electric Steel Founding,” by D. K. Barclay, 


Middlesbrough Branch. 
‘Heavy Green and Dry Sand Moulding Practice,” 
by C. H. Brown, East Midlands Branch. 
‘Steel Foundry.” R. J. Richardson, Wales and 
Monmouth Branch. 
THE INSTITUTION OF WELDING ENGINEERS. 
Feb. 27. ** The Training of Workers for Welding and Cutting,”’ 
by J. Ryder. 


Mar. 15. 


Mar. 15. 
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Correspondence. 


To the Editor, METALLURGIA. 

Dear Sir,—In my article on “ Melting Metals Electrically,” 
in your January issue, reference was made to earlier types 
of furnaces, like the two-phase ‘* Electro-metals ” and the 
three-phase ** Greaves Etchells,’ as having been superseded 
because of the use of bottom electrodes. This statement 
referred particularly to the use of carbon electrodes 
embedded in the hearth, which are distinct from the 
modern patented method of decreasing the area of cold 
spots by means of a conductive hearth, such as is used in 
the modern design of the * Greaves Etchells’ furnace. 
| would be glad if you would publish this explanation in 
case the reference in the article has created a wrong 
impression.— Yours faithfully, 

A Spectat CORRESPONDENT. 


To the Editor, MeraLiureta. 

Dear Sir,—We observe from the January number of 
METALLURGIA an article on page 91, on the subject of 
chromium plating, in which it is asserted that the process 
under review (direct method) is a “ new” one. 

We have for many years past been carrying out successful 
practical chromium plating on a substantial commercial 
basis by means of our direct process, and we still remain 
specialists in this branch of industry. This being so, we 
shall be obliged if you will be good enough to give publicity 
to the assertions made herein.—Yours faithfully, 

For RicHarp Grau, Lrp., 
R. Grau, Director. 


To the Editor, MeTraLLurRGIA. 

Dear Sir,—We are most interested to read the letter from 
Messrs. Richard Grah, Ltd., on the subject of their direct 
method of chromium plating. 

We were actually unaware when supplying information 
on our own methods of plating, which appeared in the 
January number of METALLURGIA, that Messrs. Grah were 
working on parallel lines.—Yours faithfully, 

For NorRTHERN CHRomivuM Co., LTb., 
J. THopurn McLaren. 


To the Editor, METALLURGIA. 

Dear Sir,—On page 122 of the January issue, under the 
sub-heading ** Case-hardening Steels,’ there are one or two 
points with which I do not agree. The author says that 
alloy case-hardening steels require longer soaking during 
carburising for the same depth of case as compared with 
plain case-hardening steel. To some extent this is correct 
with nickel steels, but owing to the steel being further into 
the austenitic range the defect is somewhat counterbalanced. 
With nickel-chromium steels I think the speed of carburising 
is equal to that of plain carbon steel. 

The author also states that the alloy steels are practically 
 fool-proof.”” I think that this is a very strong statement 
tomake. The nickel steels certainly allow a greater latitude 
in hardening, but great care must be used throughout 
for nickel chrome. If the carburising temperature exceeds 
900° C. by any appreciable amount the maximum hardness 
becomes very difficult to obtain. 

As you are inviting criticism of the publication, I should 
like to say that it is my opinion that two pages devoted to 
such a wide subject as that chosen by Mr. Whyte are totally 
inadequate, and make the article of very little value to the 
class of people who read METALLURGIA, as the author is 
only able to touch very lightly subjects which are quite 
generally known.—Yours faithfully, 

H. Swan. 


To the Editor, MeTaLLURGIA. 
Dear Sir,—I have read Mr. Swain’s communication with 
interest. To begin with, it is quite impossible to give the 
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results of twenty years’ experience in detail in an article 
of this kind. - At the same time, I have tried to cover the 
main points and to give the latest opinions regarding them. 
For instance, nitrogen hardening is comparatively new, and 
few people have applied it to their own work. My remarks 
on this method, as with all the others, are the results of my 
own experience. 

With regard to the points mentioned, there is no question 
about nickel or nickel-chrome case-hardening steels taking 
longer to carburise. For Mr. Swain’s information, the 
following figures show the depth of case obtained on § in. 
diameter test-pieces of nickel-chrome and plain carbon 
steels carburised for three hours at 900° C. 

4.5% Ni 0.7% Cr 


o 


Plain Carbon 

Steel. Steel. 

1.0 mms. 0.9 mms, 

Regarding the other point, my own experience in con- 
sulting work for some of the largest manufacturers in the 
country shows definitely that the alloy case-hardening 
steels are more fool-proof than the plain carbon steels. 
A poor piece of hardening is the exception with a 3°, nickel 
steel, whereas a brittle case and a brittle core are quite 
common with plain carbon steel. With nickel-chrome 
case-hardening steel one seldom meets a brittle core, and 
only very occasionally a brittle case. The latter is, however, 
the more common of the two, and is, as Mr. Swain points 
out, due to too high a carburising heat.— Yours faithfully, 

S. WHyre. 


Coupling for Geared Diesel Engines. 
AT a meeting of the Diesel Engine Users Association 
recently, Mr. W. Grose read a paper on “A Form of 
Coupling for Geared Diesel Engines for Land and Marine 
Purposes.” The form of coupling described was that 
developed in the Vulean Yard, Hamburg, and is based on 
the patents of Dr. Bauer. It is claimed that the Vulcan 
gear obviates or greatly minimises the torque fluctuations 
of the Diesel engine, and further permits splitting up the 
power of the large unit into two or more high-speed light 
units, whose small cylinders are much less sensitive to 
heat stresses. 

The gear consists of hydraulic couplings with mechanical 
gearing, various arrangements being illustrated diagram- 
matically and by photographs. The coupling consists of 
two wheels of cup-like section, one driving the other. The 
driving fluid is held in the cups of the wheels. There is 
no metallic connection between the wheels, and it is not 
essential for them to be exactly in line. The transmission 
of power is effected by rotation of the driving-wheel, which 
sets up a circulatory motion in the fluid between the two 
cups, and thus sets the driven-wheel in motion. As the 
driven-wheel always lags behind the driving-wheel, the 
centrifugal forces in the latter are always greater than 
those in the driven wheel: so that the circulatory motion 
is maintained, and with it the transmission of power from 
the one wheel to the other. The driving efficiency of the 
coupling is given as 97°, and it has the advantage of 
mechanical simplicity ; thus, its liability to get out of 
order is very slight, and wear of the parts is reduced to a 
minimum. After further details of construction, develop- 
ment and operation, the paper concluded with a description 
of specially designed gears for marine propulsion (both 
reversible and non-reversible), and for electric power 
stations, particularly for peak-load generators. 


Agreement to Manufacture Furnaces. 

We are informed that Messrs. Wild-Barfield Electric 
Furnaces, Ltd., have entered into an agreement with Messrs. 
Gibbons Bros., Ltd., of Dudley, for the manufacture of 
large Wild-Barfield industrial electric furnaces. Inquiries 
for these furnaces, which include box-type heat-treatment 
furnaces, carburising furnaces, rotary, continuous and 
conveyer furnaces, may be made to either firm. 
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Failure of Steel Castings and Forgings 
through ‘ Fatigue” 


The Phenomenon known as Fatigue is purely mechanical and depends on a number of circumstances. 


THE term fatigue is employed to describe the circumstances 
causing that type of fracture brought about by repeatedly 
overstressing material which is a component part of some 
structure intended to give long service. This is a very 
wide and general definition, and calls for much detailed 
explanation, but in itself it is substantially correct, and 
covers all cases of failure from fatigue. It will be noted 
that the word “repeatedly ~ has been used. This is 
important, for it is of the essence of the phenomenon that 
the load is applied over some considerable period, a com- 
paratively few or an extremely large number of times. 
In this connection Mr. MacGregor excluded certain other 
types of fracture when considering fatigue failures, in a 
paper read before the North-East Coast Institution of 
Engineers and Shipbuilders recently. Those excluded were 
the types of fracture caused by : 

1. Loading a tensile test-piece to its breaking point. 

2. Bending a piece of metal beyond its limit of elasticity 
in one direction until it breaks. 

3. Delivering a shattering blow. 

4. Subjecting metal to a stress approximating to, but 
below, its breaking stress, in alternate directions, 
from twice upwards, until it breaks. 

In these instances the forces applied are destructive, and 
not contemplated by the designer. In each of the four 
cases, unless the metal is very brittle, there is obvious 
deformation of the subject in so far as contour is con- 
derned. It is a peculiarity of a fatigue type of fracture, 
whether partial or complete separation has taken place, 
that there is no apparent distortion of contour. It is this 
type only, caused by repeatedly stressing, and showing no 
apparent distortion of contour, that conferms to the classi- 
fication of a fatigue fracture. It will be noted that only 
fractures are dealt with, as though implying that a piece 
of metal must be fractured before it can be described as 
fatigued. This is definitely intended. <A piece of metal 
must necessarily be fractured to some extent, possibly 
only ina microscopic degree, before the process of fatigue 
can develop. 

It is now established that repeated over-stressing does 
not cause a growth of the crystals constituting the metal. 
Several experimenters, over probably more than thirty 
years, have taken a lot of pains to disprove the erroneous 
idea that fatigue consisted, primarily, in a crystalline 
growth. 


Mechanism of Fatigue. 

When metal structures are put into service it occasionally 
happens, owing to an unforeseen cause, that stresses are 
applied that exceed the material's power of resistance. 
‘t hese stresses may be only a smail fraction of the tensile 
strength of the material ; in some cases they may approach 
the equivalent of, say, half its tensile strength ; or there 
may be one application of a very heavy stress due to 
accident. In any of these instances, presuming, of course, 
that the power of resistance has been exceeded, some 
crystal of the metal which happens to be lying in the most 
highly stressed region cleaves, or possibly a number of 
them are broken more or less in line. Once this occurs the 
danger is present. If caused by nothing but the normal 
stress the process of fatigue will develop quickly. If caused 
by one accidental overload, and the designed stresses are 
less than the metal’s power of resistance, then final break- 
down may not occur for months, or even years. In either 
case, the conditions predisposing to failure by fatigue 
have been initiated by the breaking of the first crystal, and 
it is only a matter of time before failure occurs. Taking 
the extreme case, where only one crystal is ruptured, a 


leading crack is formed, at the bottom of which super- 
normal stresses are now exerting themselves, and succeeding 
crystals, lying in the direction of the stresses, are broken 
or parted. So the process goes on, the concentration of 
stress at the bottom of the ever-increasing crack becoming 
greater, until finally the amount of sound metal left is just 
not quite equal to standing up to the load imposed upon it, 
and sudden complete fracture occurs. 

It will be seen that the phenomenon known as fatigue 
is purely mechanical, depending, certainly, on a number 
of circumstances. On very broad lines it is confined to 
material lying in one plane of the structure, the surrounding 
material not being affected in any way. This plane, 
generally speaking, coincides with the disposition of the 
maximum stresses. For this reason I think the term 
fatigue is very misleading, in that it conveys to the iay 
mind that the metal has in some way become tired generally, 
and that there was a condition of fatigue or tiredness exist- 
ing prior to the initiation of the crack. The crack formed 
by the process described is, as a rule, the only evidence of 
what has happened. It has an unmistakable appearance, 
and owing to its mechanical progression or development, 
it can be read, to some extent, by the experienced eye. 


Metallurgical Aspect. 

If a structure fails owing to the presence of a fatigue 
crack, there must be some abnormal or unexpected con- 
ditions present which predispose it to failure. Of these 
conditions there are three items which concern the metal- 
lurgist. Weak crystalline arrangement is the first, and 
probably the most important. Its existence in a piece of 
steel implies one or ati of a number of metallurgical con- 
ditions, such as high casting temperature, slow cooling after 
casting, insufficient forging, forging from too high a 
temperature, continuing forging at too low a temperature, 
lack of or insufficient annealing, annealing or heat-treatment 
at too high a temperature, too slow cooling after annealing, 
etc. The outcome of any one of these conditions, or any 
combination of them, is that the crystalline arrangement 
of the material is not in its best or strongest state. Dealing 
with fatigue, we do not need to pause to find out which 
process in the manufacture was at fault ; it is only necessary 
to apply one or two tests to the material, tests which have 
to do with the crystalline arrangement. The microscope 
will show very readily whether the crystals are in a fine 
state. If they are coarse, then there are good grounds for 
supposing that the metal’s power of resistance is low. The 
second test is the estimation of the elastic limit, or synony- 
mously, the limit of proportionality of the metal. 

It is generally conceded that a piece of material stressed 
within its elastic limit will recover after removal of the 
load. Some badly handled steels will show a normal 
ultimate tensile strength, a normal yield point of, say, 
50 per cent. of the ultimate, and an elastic limit of half, 
or even quarter of the yield point. On the other hand, 
a good material will show an elastic limit only just short 
of the yield point, say 40°, or more of the ultimate. Another 
point of importance is that once a piece of metal has been 
stressed beyond its elastic limit, the days of its useful life 
are numbered, and if it is kept in service, actively stressed 
beyond its elastic limit, it will most assuredly fail. From 
the foregoing, it will be seen how important are the crystal- 
line arrangement and the elastic limit when considering 
fatigue. 

The presence of non-metallic inclusions in a metal is 
almost unavoidable, but their quantity varies inversely 
as the quality, and they may have a distinct bearing on the 
power of resistance to fatigue. These inclusions may be 
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A New Advent in Aluminium Metallurgy 


By N. C. Ashton, Metal Department, Messrs. D. & J. Tullis, Ltd. 


An Aluminium Alloy which will resist Corrosive Influences and yet possess good physical qualities 


would accomplish a great advance in Aluminium Metallurgy. 


Much has been written and discussed with regard to the 
physical properties and behaviour of the generally accepted 
aluminium alloys, and also those that can be classed as 
high tensile alloys. Very little work, however, has been 
done to ascertain the relative resistance to corrosion shown 
by these alloys except the careful and thorough investiga- 
tion made by Mr. D. R. Tullis during the last nine years. 
During this period work was also done that, in conjunction 
with the corrosion tests, made it possible to develop a 
series of aluminium alloys possessing really good resistance 
to corrosion as well as outstanding physical properties : one 
in particular that may well be termed “ stainless.” 


“| | 





Fig, 1 Comparative Rates of Corrosion. 


The ever increasing use of lightweight alloys both in 
engineering for replacement of heavy reciprocating parts 
and in the automobile and aircraft industries to give a satis- 
factory power-weight ratio has been considerably extended 
by the use of these alloys in decreasing the weight of war- 
ships under the limitation of armaments scheme. Thus, 
it may be seen that various forms of corrosion are ex- 
perienced by these alloys in the different fields of use. 

It is well known that corrosion by sea-water or sea-water 
spray is by far the worst type to be dealt with, and such 
precautions as anodic oxidation, the formation of a film 
of resistant oxide, are made on parts that are exposed 
to so severe an attack. When these alloys are put to 
other uses in industry—where, for example, only atmos- 
pheric attack and different degrees of dampness cause 
trouble—the extent of the corrosion is often greatly variable, 
so much that at once it is difficult to adopt any definite 
method of obtaining reliable comparative figures, except by 
exposure to either sea-water or salt spray attack of a regular 
density. 

The experiments made at the commencement of this 
research were with sea-water, and valuable information 
was then obtained as to which type of alloy could be said 
to give the most resistance. In this kind of test the results 


Cindal is claimed to be such an Alloy. 


are in every way satisfactory, with the exception of time, 
since with corrosion-resisting alloys the time taken to 
obtain conclusive results is much too long. 

After various trials it was decided that the most satis- 
factory means of causing accelerated corrosion was by 
using salt spray. By carefully controlling the density of the 
spray it was found possible to obtain constant and reliable 
results that could be used as a means of selecting alloys 
for final sea-water testing. 

The actual work done with the test-pieces is of no concern 
here, as the subject only calls for a consideration of the 
development of corrosion-resisting alloys. It was at once 
found that corrosion could be caused by two distinct means. 
First, by the composition of the alloy, and secondly by the 
presence of unsoundness. In cases where composition is 
the cause of corrosion this can usually be traced to the 
presence of a compound or compounds in the alloy, which 
causes a local difference of potential and galvanic action. 
This has been found to be the case in all alloys containing 
copper in the form of free Cu Al, compound. If the copper 
is kept in solution by quenching, etc., corrosion is greatly 
reduced. This explains why the duralumin type of alloys 
are more resistant to corrosion if they are used in the 
heat-treated and quenched condition. In cases where 
unsoundness is present in alloys that are quite resistant 
to corrosion the only remedy is to remove the unsoundness. 
Reference may be made here to the solid-solution type of 
alloys, in particular the zine alloys. It was soon found 
that these gave good resistance to corrosion, quite con- 
trary to the general belief, as being valueless in this con- 
sideration, but they suffered a great deal from common 
acceptance of the casting difficulties found when first 
using these alloys. These difficulties are entirely due to 
unsoundness and impurity, and the purification and grain- 
refining processes used by Mr. Tullis soon revealed tre- 
mendous possibilities for these alloys, in that they resist 
corrosion and also possess physical properties that are not 
very far behind the high tensile alloys, together with a 
perfect ease of casting not shown by any other aluminium 
alloy known at present. Ample proof of this statement 
of the properties of the Cindal alloys has now been obtained 
by the continuance of the search for more resistant alloys. 
The graph shown in Fig. 1 gives an idea of the comparative 
rates of corrosion of the more important common alloys in 
one test, and such features as variation in the rates of 
corrosion caused by the formation of the protective film, 
its breaking down and later development of pitting. It will 
be seen that the 2L5 alloy corroded so rapidly that further 
testing was discontinued after four weeks. The L8 or 12%, 
copper alloy was also stopped after seven weeks’ immersion. 
The gain in weight at the fifth week is due to the formation 
of blisters on the surface. The aluminium zine alloy is 
much better than the 2L5, due to the absence of copper 
and other impurities. The 5%, silicon aluminium alloy 
is much superior to any of the other B.E.S.A. alloys. The 
99-5°%, aluminium and Cindal E1I1A behave similarly 
until the eleventh week, when the 99°,, aluminium shows 
an increase in corrosion due to the commencement of 
pitting Cindal and E11A show a smali but steady loss, 
with freedom from pitting. 

At a later stage of the series of tests it was found that a 
very serious type of corrosion was very prevalent in the 
form of intercrystalline corrosion, when the metal, after 
having given fair resistance to the attack, became very 
brittle and almost completely broke down. The test-pieces 
were so weak that they could be broken with the hands. 
This type of corrosion is very treacherous as little change 






















































ae 














Frepruary, 1930. 





can be seen on the surface of the metal. Under the micro- 
scope, however, the section clearly shows an etched effect 
round the grain boundaries. The silicon alloys are in this 
group, and whilst they gave fair resistance to corrosion at 
first it was found that after a period in the salt spray, which 
corresponds to about two years, they developed pitting 
troubles and, because of the intercrystalline corrosion, 
suffered from a complete loss in ductility. Thus, it may 
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Fig. 2. Behaviour of Film-forming Alloys in Salt Spray. 


easily happen for a casting to give quite good service, and 
then, for no apparent reason, to fail just when the possi- 
bility of failure had disappeared. During the long period 
of research, in which hundreds of failures were recorded, 
is was found that in practically every case failure occurred 
chiefly at the grain boundaries. It therefore follows that the 
crystal and grain boundary cement must be of such a 
nature that it will resist corrosive influences. In impure 
metals the impurities, during cooling, are forced out to the 
crystal boundaries and the metal, if subjected to corrosion, 
is always attacked at its weakest points, where the impurities 
lie. The grain boundaries are therefore the most easily 
corroded part of the metal, where actually the greatest 
physical strength is required. So it may be seen that it is 
essential to use alloys that are free from impurities as much 
as possible ; they must be of such a nature that no secondary 
constituent separates to remain at the grain boundaries 
after cooling, and they must be free from unsoundness, 
such as porosity due to dissolved gas, and contraction 
cavities caused by poor feeding, sluggish metal, or lack of 
head pressure in the mould. If the metal has a coarse 
grain then the grain boundary material is much thicker, 
and impurity is inclined to remain in larger areas, so that 
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the local action is set up, to be later classed as pitting. 
Obviously, it is necessary that the metal must have a fine 
grain, so as to break up the impurities present and cause 
them to appear as isolated as possible, and also tomake the 
grain boundary material as thin as possible to give the 
greatest physical strength and offer more difficult paths for 
the attack of the corrosion. The refining processes used in 
making Cindal alloys are of this principle, and have a great 
amount of bearing on their resistance to corrosion. Actually, 
the grain size is reduced down to about »,';, of its original, 
that the material shall have the best chance in service. 

The basic principle of metals that resist corrosion is that 
they must form a protective film, usually of oxide, so as to 
prevent or delay further attack. Aluminium belongs to this 
class of metals, and the nature of the film formed on the 
surface is of the greatest importance, whether it is strong 
and unbroken, whether it will be replaced if damaged with- 
out developing pitting, or whether it is weak, uneven, and 
fails to rectify a damaged surface. A number of protective 
film-forming alloys were developed, and graphs of their 
behaviour in salt spray are shown in Fig. 2. These alloys 
are classed in three groups according to their behaviour, 
as follows : 

Easily corroded protective film formers. 
Resistant film formers. 
Non-corrosive film formers. 

It will be seen in the easily corroded alloys a marked 
recovery takes place after the ,first or second week’s 
exposure, but the damage has been done, and intercrystal- 
line corrosion has commenced. This continues, although 
the specimen may not show much outward corrosion or loss 
of weight, and in a few weeks it suffers a complete loss of 
strength. The resistant protective film formers show a 
much more rapid recovery and not so much loss of weight. 


Fig. 3. Results from No. 17 Spray Test. 


Intercrystalline corrosion occurs in some cases, with a 
corresponding loss in ductility. This effect is mainly due 
to the effect of the grain boundary material and to the grain 
size. The truly non-corrosive alloys rarely show an actual 
loss in weight, in most cases a distinct gain in weight takes 
place during the first few weeks, and in the examples shown 
it will be seen that the gain continues to take place, in 
spite of the fact that the specimens were dried at 100° C. 
each week, and subsequently brushed with a hard bristle 
brush. This shows that the film is of a very tenacious 
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character. These three alloys could be bent through 180 
without fracture, and thus show that no intercrystalline 
corrosion had taken place. 

It can now be said that the ideal had been reached 
that is, the alloys developed possessed such properties that 
they could be described as stainless. Very pure aluminium 
is now available, and its use makes it possible to prepare 
alloys that of themselves inherently resist corrosion ; they 
form an even film of oxide that is exceedingly strong and 
is an excellent protection for the metal. Damage to the 
surface, such as scratching, causes no apparent change ; 
there is no pitting and similar troubles at the place where 
the film is broken, simply because the metal immediately 
forms another layer of film which is of as uniform a character 
as the original. This is the principle whereby the chromium 
in stainless steel provides the resistant film, and it holds 
equally well with aluminium and its alloys, providing that 
the metal is quite free from the deleterious effects already 
mentioned. To give an idea of the progress made in 
developing these alloys, having marked protective film- 
forming properties, Fig. 3 is shown, illustrating the speci- 
mens from No. 17 spray test, after exposure to a dense 
salt spray for six weeks, after which they were dried at 
100° C., brushed with a hard bristle brush, cleaned in hot 
water, and again dried and weighed. Particular attention is 
drawn to alloys numbered 85, 88, 94, and 97. These alloys 
were remarkable by the fact that they all showed a gain in 
weight. No. 88 is the most important, and is the stainless 
alloy, the subject of this article. It showed an average gain 


COATING ARTICLES WITH METAL. 
THERE are many processes by which articles can be given 
a coating of metal; metal powders may be used, electro- 
deposition may be employed, or a coating may be applied 
to prepared surfaces by dipping in a molten bath of metal ; 
but a process of more recent origin consists in bombarding 
a surface to be coated with thousands of tiny particles of 
metal in the form of a spray. The spray is formed and 
carried by a stream of compressed air, which atomises a 
small globule of molten metal forming continuously at the 
end of a wire. This dual process is accomplished by a special 
tool known as the “ pistol.”” This is a small machine weigh- 
ing about 34 lb. The principle of the action of the pistol is 
simple, although its mechanism is rather complicated. 
A wire of the metal or alloy to be sprayed is passed at a 
steady speed through the tool. The feeding of the wire is 
automatic, because it is actuated by rollers in the pistol 
body, which, in turn, are driven by gears connected to a 
small air turbine, also contained in the pistol case. The 
wire feeds into the hot zone of an oxy-blowpipe flame, 
which is surrounded by a zone of compressed air. As 
quickly as the metal becomes molten it is atomised by the 
air and the particles are driven forward on to the surface 
to be coated. 

Owing to the cooling action of the stream of air in this 
process there is very little heat effect at the surface of 
the work, and paper or cloth can be coated without trouble ; 
but it is essential that the surface of the material should 
not be glazed. When metal surfaces are to be coated by 
this process the texture or surface suitable for receiving 
the deposit is obtained by sand-blasting. The sprayed 
layer may be any metal or alloy which can be drawn into 
wire and which is capable of being melted in the blow- 
pipe flame. 

The pistol has three connections for flexible tubes, all 
three pipes being controlled by one master valve. The 
three pipes convey the compressed air, the compressed 
combustible gas and the oxygen. In operation, the tool 
is held between three and five inches from the surface to 
be coated, and the spray should strike the work at right 
angles. As arule special respirators are necessary to 
protect the operator from sprayed metal that is dissemin- 
ated in the air as fine dust, and in all cases where lead, tin, 
and copper are to be sprayed a good exhaust is essential. 
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of 5 milligrams per week, and at the end of the test was still 
bright and clean, the original polish being undamaged. 
Specimens numbered 85, 94, and 97 showed respectively 
1-6, 1-2, and 3-1 milligrams gain in weight per week. No. 
82 is aluminium of very high purity, 99-8°,, and showed 
an average loss of 3-8 milligrams per week. This result 
is to be compared with the results obtained from previous 
tests on aluminium of slightly less purity, 99-5°%,, which 
showed a loss of 10 milligrams per week. Alloy No. 91 
shows the effect on corrosion of adding such a small quantity 
of 1-5°, copper to the 99-8 aluminium. A marked increase 
in corrosion has taken place, and the specimen showed an 
average loss of 32 milligrams per week. In 1038 only 
0-75°, of silicon has been added to the 99-8°, aluminium, 
and in this case there is also an increase in corrosion, showing 
an average loss of 4-6 milligrams per week. 

The majority of these results are quite recent, and much 
work still remains to be done to ascertain the physical 
properties of this new alloy. It can be said here, however, 
that it is more suitable for use in the wrought state, as 
sheet, etc., although castings can be made quite successfully 
in this alloy. It is quite ductile, with a tensile of about 
% tons in the sand-cast bar, but work is proceeding to 
increase this figure. Suitable cold working will, of course, 
make it possible to reach 20 tons tensile, but perhaps 
enough has been said to indicate the possibilities of this 
alloy for the future, without claiming any extraordinary 
features other than its very great resistance to corrosion. 
Certainly, it may be termed the stainless light alloy of 
non-ferrous metallurgy. 


Failure of Steel Castings and Forgings 
Through * Fatigue ”’ 
(C‘orlinued fr mm page 147.) 


present in such quantities as to form films round the 
crystals of the metal, in which case very easy paths for the 
development of a fatigue crack are presented. It may also 
happen, in a moderately dirty material, that some inclusions 
lie at a highly stressed point, in which case it is likely that 
they will break under stress and provide the minute 
rupture from which the fatigue crack starts. 

The third item concerning the metallurgist is the presence 
of high initial stresses due to some process in manufacture, 
and, though not often a cause of failure, it is found in 
certain components that have been bent or flanged to shape, 
without subsequent treatment. Here the metal is so highly 
stressed that even the application of a small alternating 
stress is sufficient to pass, in one direction, the metal’s 
power of resistance. 

From the metallurgist’s point of view, once fatigue has 
started, there is no cure for it. Fatigue implies actual 
partition of the metal, and no amount of heat-treatment 
can close up or heal a crack, even though its extent is only 
the first crystal. Another fact is that when a structure has 
failed, owing to fatigue, there is no test known which will 
demonstrate the presence of fatigue in the material adjacent 
to the crack. Of course, there may be simultaneous growths 
of other fatigue cracks in the immediate neighbourhood, 
but in spite of that the unbroken metal close to the cracks 
will, with one probable exception, still respond to all the 
original tests, and will not show any new condition due to 
the presence of the fatigue crack. The exception to which 
I refer is the case of a structure being severely strained by 
one heavy blow prior to the commencement of the crack. 
A fatigue crack itself is the only clue to the conditions that 
have obtained. As already stated, one peculiarity of a 
failure from fatigue is that the contour of the part is not 
distorted by the crack ; also, that overstressing does not 
produce crystal growth. In actual cases of failure in service 
from fatigue, the only portions of the structure to be 
affected at all are the individual crystals lying in the path 
of the fatigue crack, and there is no test that one can 
apply, even to them, to demonstrate how they failed. 
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By J. W. Donaldson, D.Sc. 


EarLy determinations of thermal conductivity were 
usually made by heating a bar of the material at one end 
by means of steam, and cooling it at the other end by 
means of water. Thermometers were inserted at different 
distances along the bar, and since the amount of heat 
passing the various sections was directly measured the 
thermal conductivity was determined. This method, 
however, was by no means accurate, due to the heat lost 
by radiation, and a guard ring was introduced to correct 
this source of error. 


by the three thermocouples, D, E, and F, inserted 4 in. 
apart, with the middle thermocouple midway between the 
heater and the calorimeter. The bar is surrounded by the 
guard-ring G, which is heated by means of the heater B, 
and cooled by having its top part in the form of a continuous- 
flow calorimeter H. The entire apparatus is surrounded 
by a metal case, and the test bar is insulated from the 
guard ring, and the guard ring from the case, by means of 
insulating material. 

The temperature of the electric heater is regulated by 


fi 2 means of a variabie 


resistance placed in 

























































































Fig t_ series with it, and 
the particular resis- 
tance used allowed 
of eight different 

7a}!| | temperatures over a 
ye temperature range 
4) ' of 50° to 450°C. 
he being determined. 
| c > These temperatures 
——sS - were measured over 
: " the lower ranges 
é ai by means of copper- 
h- ----- €---4--4 , constantan thermo- 
f/ , couples, and over 
N op : oy the higher ranges 
Me x ¥ x by platinum- 
; ; platinum - rhodium 
N : thermocouples, the 
a ms é measurements 
being made on a 
a\ § Temren ATURE DRoP millivolt meter. 
a NG = _ The rate of flow of 
B SK water to the calorimeters is maintained by a constant 
x fs level tank and glass nozzles, and standard thermometers 
3 G n T,, T,, and T, reading to 0-05°C. are used in the 
R calorimeters. 
N || The thermal conductivity K—that is, the quantity of 
N |. e heat in calories transmitted per second through a plate 
N |! g 1 cm. thick per square centimetre of its surface, where the 
difference of temperature between the two faces of the 
plate is 1° C.—is calculated by the formula :— 

¥ K — Wl — t)¢ 

ct : “@,—T,)a 
3 A. Jesr Bae Where W = weight of water in grammes flowing through 
; ak . a calorimeter C per second; ¢, temperature of outlet 
3 ; Rag fenmeeneemien water from C in °C. ; t, = temperature of inlet water to C 
3 3 G- Guaro King in °C.; [ distance between the two thermocouples in 
. a i centimetres ; T, temperature of hotter thermocouple 
75% Twakrrorierers. in °C. ; T, = temperature of colder thermocouple in ° C. ; 
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The guard-ring method has been adopted with various 
modifications by many investigators, including Berget, 
Griffiths, Schofield, Williams and Bihlman, and Benedicks. 
It is the basis of the apparatus described, a sketch of which 
is given in Fig. 1. This apparatus is for use in a commercial 
laboratory, and is designed to combine accuracy with 
rapidity of manipulation. 

The test bar A is screwed into an electric heater B, and 
has attached to its other end a continuous-flow calori- 
meter C. The flow of the heat along the bar is measured 


D 


a = cross-sectional area of the bar in square centimetres, 


For each temperature of the heater a period of six hours 
is allowed to obtain a heat balance, and to establish thermal 
equilibrium. Readings are taken over a period of ten 
minutes, the value of t; — t, and T, — T, being obtained, 
and also the rate of water flowing through the calorimeter. 
Three sets of readings are taken, and the average figures 
obtained are used in calculating the thermal conductivities 
for the two different temperature ranges measured. 

In using an apparatus of this type fair accuracy is 
required if the results obtained are to be of value as 
physical constants. It is therefore necessary to consider 
the various sources of error that may occur and how they 
affect the results obtained ; consequently the following 
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points have to be considered :—(1) The question of mean 
temperatures as against actual temperatures; (2) the 
transfer of heat between the bar and the guard ring ; 
(3) the question of direct conduction of heat from the 
heater to the calorimeter by means of the insulating 
material ; (4) differences in temperatures between the two 
calorimeters ; (5) the design and construction of the 
calorimeters and thermometer pockets ; (6) the accuracy 
of the thermocouples and thermometers; and (7) the 
expansion of the test bar. 


1. Mean Temperatures.—From the curves obtained from 
various investigations on ferrous and non-ferrous materials 
the variation of conductivity with temperature either falls 
or rises, and the fall or rise roughly follows a straight line. 
Owing to this fall or rise of conductivity with temperature, 
the temperature gradient in the bar is not uniform. To 
calculate the temperature at any point in the bar, consider 
Fig. 2 where K, and K, are the conductivity values at 
two points distance / apart. The heat flow being from 
a to 6, let T, be the temperature difference and ¢ the 
temperature drop from “a” to a point distant x from 


“a,” then— 
, » , 
K,.= K, + T Ciba, * Big De vivicssccccccesdi (1) 
1 
lf Q heat flowing per second per unit area of cross- 
section (constant), then 
‘ Q dx 
ee PE ovecrcresetsdesvscsrervesesé 2 
: dt (°) 
From (1) and (2) we get 
Q dx . t . . 
K K K 
dt 4 y 2 ( t a} 
or 
. K, ‘ 
Q dx K, dt + \ Sy Ky) oat, 
1 
and by integration 
, K, K, @ 
Qa me Ket pe vee e cece eee. (3) 
: 2 


Q is found by taking the integral over the whole length 
of the bar, say /, giving 


Ql = KT, +(K, — K,) 2 
or 
yong @ K. ) 
Q T 5 Lette eee eeeeeeeeees . (4) 


If now a, 6, and ¢ be the points distant / apart, and 
T, and T, the temperature drops in the respective sections, 
by applying equation (4) to each section and to the total 
section 


ga TK 
o=7(FF-) 
at ota 

and solving these equations 

((T, —T 2 ) 

K,= Ql Cae? es, Ae (5) 
K, = Ql ee T : T.) eek (6) 
K,= Ql) ge +r : T.) ew (7) 


Taking the data obtained from a cast iron where the 
readings for the three thermocouples are 79°, 158°, and 
21°C., T, = 88°C.; T, = 79°C.; I 10-15 em. ; 
a (the cross-sectional area of the bar) = 2-85 sq. cm-; 


p* 
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and where the total heat flow 3 cals/sec., then Q 


3 : ‘ " 
a5 1-053, and Q / = 10-69 ; hence, using equation (5) 
a" Oo 

» {(79 — 83) 2 |) 
K, = 10-69 me. OY 0-125 
"79 Xx 83 * 79 + 83) . 
Similarly, using equation (6), K, 0-132; and using 


0-138. 

These values agree with the values obtained for the 
mean temperatures 0-128 at 200° C., and 0-134 at 118° C., 
and when plotted on a curve obtained by plotting the mean 
values are found to approximate to it. 


equation (7), K, 


Fig. 3. 
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2. Transfer of Heat between Bar and Guard Ring.—The 
question of transfer of heat between the bar and the 
guard ring depends on the nature of the bar and of the 
guard ring. If both are of the same material there will be 
no transfer of heat, because the temperature of corres- 
ponding points on the bar and guarding ring will be the 
same. If they are not of the same material their similarity 
of temperature and the transfer of heat between them 
will depend on their relative conductivities. 

Consider Fig. 3, where the straight line O B A represents 
uniform thermal conductivity, and the curves OC A and 
ODA _ conductivity increasing and decreasing with 
temperature respectively. If OC A represents the guard 
ring and O DA the test bar, then the vertical distances 
between the curves show the temperature differences. If 
heat is added to the test bar by increments throughout 
its length, its temperature curve becomes O DE, and 
since the guard ring is adjusted at the end to reach the 
same temperature at E, its temperature curve will be 
OC E, similar to OC E, so that the vertical differences 
are decreased, neglecting influences external to the guard 
ring. 

To calculate temperatures in the guard ring, it is 
necessary to determine the temperatures at the bottom and 
top of the test bar by calculation from the temperatures 
measured by the three thermocouples, and then to assume 
that the temperatures at the bottom and top of the guarding 
ring are same as those obtained in the test bar. The bottom 
of the test bar is 3-5cm. distant from the first thermo- 
couple, and the end of the test bar is 5 cm. distant from the 
third thermocouple. If the temperature drop from the 
source to the first thermocouple is T, using equation (1)— 

, me , , 
.=K, Ta 7,* | eres (8) 


(negative sign as source is at higher temperature) 


K 


also from (4)— 
. = ry (K, t K, 
Q x 3-5 ry 9 j 
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and combining with (8)— 


. T, (K K,)) 
- nm | a 
x 3°: K : 
Q 3 ) I oy ( a 2 (T . | T,) J 
ae T, (0-013) 
1-053 3°5 Pr, 0-1 53 163 } 
from which T, 29-7° C. 


-, Temperature at source of cast-iron bar, 241° +- 29-7 
270-9° C. 

Similarly, the temperature at the end of the bar T, is 
obtained from 

T. (0-013) | 


1-053 & 5 > x 162 ) 


T,/ 0-138 
{ 
a 4 37°6° C., 
har = 41-4°C, 
The guard ring is constructed of Admiralty gunmetal, 
and this alloy has a thermal conductivity varying from 
0-1375 at 41-4° C. to 0-1605 at 270-7°C. These values 
are obtained from a curve for Admiralty gunmetal by 
exterpolation. 


and the temperature at the top of the 


Using the general equation (3) 


Or — 0- 16058 ee 00-1605 # 
Te " 70-7 — 41-4. 2 
0-1605¢ -- —— 
1605t —- T0490 


and from (4) 
(270-7 41-4) 
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.T, = 104-3°C.; and the temperature at a point in 
the guard ring corresponding to the second thermocouple 
in the test bar = 166-4°C. 

Also up to the third measuring point— 

a T.? 

0-1605 T. cee 
*. T, = 186-8° C.; and the temperature at a point in the 
guard ring corresponding to the third thermocouple in the 
test bar = 83-9° C. 

The measured temperatures at three points in the cast- 
iron test bar, and the calculated temperature at their 
similar points in the Admiralty gunmetal guard ring, are 
therefore 241° C., 158° C., 79° C., and 244-7° C., 166-4° C., 
83-9°C., respectively; the difference being 3-7°C., 
8-4°C., and 4-9°C. 

Actual measured temperatures in the guard ring, found 
by inserting thermocouples in the inner side of the guard 
ring at points corresponding to the thermocouples in the 
test bar and measuring at the same time, are 242°C., 


1-185 x 23-8 


164° C., and 82° C.; the differences being 1° C., 6° C., and 
3° C, 
From the graph of these temperatures differences, 


calculated and actual (Fig. 4), it would ny that the 
source of temperature in the guard ring is 2° C., or 3° C. 
lower than that of the test bar. External ude of 
heat might be a contributory cause, also due to heat flowing 
from the guard ring to the test bar, the temperature 
differences with equal end temperatures would be some- 
what greater than calculated (Fig. 3). 

To estimate the heat flowing from the guard ring to 
the test bar, let r, = radius of the test bar and r, = inside 

























































































0-1605 + 0-1375 
Q a ( —— ) 1-185 
28-82 2 : To 
’ ’ ' , radius of guard ring - 2-667; R thermal con- 
*. Up to the first measuring point ry 
T2 ductivity of insulating material = 0-1 103; ¢g = heat 
1-185 x 3-5 = 0-1605 T, 19940 flow per second per unit length ; ¢ = average temperature 
difference 3:°4°C, (Fig. 4); 1 overall length ; H 
ay 26° C.; and the temperature at a point in the total heat; then 
guard ring corre — to the first thermocouple in the r 
test bar — 244-7° C. H = ql = (lx 2-wkt) = log, — 
Similarly, up to the second measuring point 28-8 x 22x 0-1 x 3-4 
ye 2 = — — ~ 9 — — 
1-185 x 13-65 — 0-1605 T, ~ 1000 x 0-961 
19940 0-0628 cals /sec. 
fig. 4 Fig. 5 
0122 

+8 = 0-120 
>» 
= 

. ‘. : 
uw +é gi oe s 
s a 
y tS 
iM S 
“ ~J 
R 5 N 
S +4 | o-e ~ 
rs sce poaghs eoreoena 20 0 ces cocees & 
8 Ai ° 
w 
: aie 
r2 ew 
N e ha i ” 5 ° s w. 
: ° e 
SI zee Temperature  DirFerence °C. 
El : 
=) ; 

6 44 ; 4 The heat flow at the cold end of the test bar is 
3cal./secs.; therefore the transverse flow is 
about 2-1% of the measured flow. The error 
involved, however, in the calculation of the 

2 thermal conductivity is less when apportioned 

° s 10 1s 20 2s 30 to the measured sections (Fig. 4). For section 
Hor _ Eno Colo ENo one the actual heat flow is deficient of the 


Disrance Alone Ban - CMS. 





measured heat flow by approximately 0-8 of 
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2-1%—#.e., 1-7% ; and for section two by approximately 
0-34 of 2-1%—i.e., 0-7%. 

3. Conduction of Heat from Heater to Calorimeter —The 
question of direct conduction of heat from the heater to 
the calorimeter by means of the insulating material is 
small because the relative conductivities of this insulation 
and the guard ring are approximately 1 to 1,500, and their 
respective areas 1-5 to 1. The total amount of heat is 


therefore only 1-5/1,500 of the heat conducted by 


l 
1,000 
the specimen, a negligible amount. 


4. Differences in Temperature between the two Calori- 
meters.—To determine the effect which differences in 
temperature between the calorimeter on the bar and the 
calorimeter on the guard ring had on the thermal con- 
ductivity, determinations were made with the two 
calorimeters at the same temperature, and with the guard 
ring calorimeter 5°C. higher and 5.2°C. lower than the 
test-bar calorimeter. The following results were obtained : 


Temperature Difference. K. 
+ 5° C, 0-120 
Nil ‘ 0- 1185 
§-2°C ‘ O- 1165 


When these values were plotted against temperature 
difference (Fig. 5), it is seen that the thermal conductivity, 
with no temperature difference, is 0-1183, which is less 
than 0-2%, different from the thermal conductivity 
actually determined. Also that the variations in conduc- 
tivity due to this temperature difference are under 1-7%, 
and as it is possible to control the two calorimeters to less 
than 1° C. difference the variations obtained are therefore 
negligible. 

5. The Design and Construction of the Calorimeters and 
Thermometer Pockets—The calorimeters are designed so 
as to occupy corresponding positions on the test bar and 
on the guard ring, thus ensuring that the corresponding 
temperatures of the inlet and outlet water of both are 
measured at similar points. The thermometer pockets are 
of the design shown in Fig. 1, enclosing the whole of the 
bulb of the thermometer, and thereby recording the 
readings with a high degree of accuracy. 

6. Accuracy of Thermocouples and Thermometers.—The 
copper-constantan thermocouples used for the lower 
temperature ranges, 50° to 300° C., were read on a millivolt 
meter calibrated so that 0-1 millivolts = 1-5°C. As it 
was possible to read accurately to 0-02 millivolts, readings 
were obtained to within 0-3° C. For the platinum-platinum- 
rhodium thermocouples used for the higher temperature 
ranges, 120° to 550° C., the calibration was 0-1 millivolts = 
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10° C., giving readings to within 2°C. The standard 
thermometers used in the calorimeters read to 0-05° C. : 
and as the smallest temperature differences measured were 
2-5° C., errors from this source could not be greater than 
2-0%. 

7. Expansion of the Test Bar.—Considering, finally, the 
error that may occur due to the expansion of the test bar, 
the formula for determining K is— 


W (ty — 45) 


K = _— — 
( r, —T,)a 
7 d? 
= 4 
K 4W (t, t,) l 


n(T, — T,) d? 
if ¢ = coefficient of expansion per ° C., and ¢ = difference 
between the mean temperature and the normal temperature 
at which the position of the thermocouples were fixed 
(say 16°C.), l, distance between the thermocouples 
when hot, d, diameter of bar when hot; then— 

l, = 1 (1 + et) 

d, = d(l + et) 

d?, = d* (1 + ct)? 
and the true conductivity— 

K. 4W (t, ts) l, 
— _ (tT, T.) d*, 
4W (t, — t,) 1 
a(T, — T,) d* (1 + et) 


» ] 
K (isa) 
l+ect 
K (1 — ct) since C is small 

Applying this formula to a cast iron where the highest 

mean temperature is 430° C, 
t = 430° — 16 
Cc 10-2 x 1aré 
K, = Kj1 — (414 x 10-2 x 10°)} 
0-9958 K 

—i.e., an error of only = 0-42%. 

Summary.—tThese considerations take into account the 
sources of error that may occur, and show that variations 
in the results cannot be more than 2%, provided the test 
bar is made to accurate dimensions. Many determinations 
made on a commercially pure aluminium bar used to 
check the apparatus from time to time confirm this, the 
thermal conductivity values ranging from 0-460 to 0-465. 
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Safe Dies Eliminate Accidents 


Safe dies are a necessary factor in punch press safety, 
because they create in the operator a positive thought of 
safety, and stimulate in him a natural desire to be more 
thorough and exact in his operations about the press. Many 
persons can design a die, but it requires an expert designer to 
construct plans for a safe die. To be safe, a die must be built 
vertical to the horizontal, and have proper clearance, especially 
piercing and blanking dies, stated Mr. R. A. Shaw, in an address 
given before the National Safety Congress at Chicago. All 
large dies should have springs, air pressure, or some mechanical 
method of loosening the work after forming, piercing, or 
blanking. Too often operators are drawn into hazards because 
of the lack of these items. 

Properly constructed dies should be used so that the guide- 
pins are in at all times ; if open, a spring should be connected 
in order to protect the open space. Moreover, the embossed 
sections containing the guide-pins and bushings must be at 
least 1} in. apart, and more if possible. 

When trimming dies are used, such as for auto doors and 
rear panels, approved cutters are added which cut the scrap 
into several pieces. Small sections are less hazardous to handle 
and are cheaper to transport to railroad cars. All heels and 
latches, or the starting trigger, should be so constructed that 


the operator cannot crush his finger. This is a part of die 
construction that is too often neglected. 

The majority of accidents in connection with power presses 
occur when the metal parts are being placed or removed. 
Some authorities believe it advisable to add chutes, automatic 
arms, or other practical devices to the die, thereby keeping the 
operator’s hands from between the dies. Tweezers, pincers, 
or rubber suction handles can be used to remove the work 
from the die. 

Methods now employed in spotting in a die lead to many 
hazards, which sometimes result in serious accidents. In 
placing a die in a press, many operators lean between the upper 
and lower sections, thereby exposing themselves to the 
possibility of grave injuries. 

Automatic feeding, automatic ejecting mechanism, transfer 
slides, hopper feeding attachments, and a method of cleaning 
out dies to prevent the temptation of the operator wiping 
them out with his hands, are safety factors which should be 
considered. Uses also should be developed for special com- 
bination dies, multiple or gang dies, and compound dies, in 
order to eliminate detail operations. Symbol numbers should 
be placed on the open outside of the die, instead of on the upper 
face surface, where the operator cannot see it unless he puts 
his head between the dies. 
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Steel Foundry Practice 





By Ben Shaw. 
Part III. 


The Cupola. 


THE primary installation in 
any foundry is undoubtedly 
the melting equipment, and 
in the iron foundry the 
supremacy of the cupola for 
this purpose has never been 
seriously threatened. It is 
true that under certain con- 
ditions the value of the re- 
verberatory furnace, and 
also the electric furnace, is 
very real, but from an 
economic point of view the 
cupola is not likely to be 
displaced. Both reverber- 
atory and electric furnaces 
have their advantages, the 
most important being the 
production of cleaner metal. 
The fuel is not in contact 
with the metal, and con- 
tamination from the fuel 
does not take place to such 
an extent as in the cupola. 
Generally, the advantages 
of the air furnace may be 
briefly summarised thus : 

1. Complete separation of 
metal from fuel. 

2. Facilitates the melting 
of scrap too large for the cupola. 

3. Stores a large quantity of metal of similar com- 
position for one tapping. 

4. Useful for special qualities of metal low in sulphur. 

On the other hand, the time to complete a melt may be 
from 5 to 8 hours, and the ratio of metal to fuel is low 
about 3 to 1. 

In regard to the electric furnace, while there is no doubt 
it would provide an excellent melting appliance for cast 
iron, with power at an economical rate, it is in the super- 
heating of metal that this type of furnace has been used. 
Thus, the metal is usually melted in a cupola and transferred 
to an electric furnace to raise its temperature and in- 
cidentally effect a degree of refining. This practice is not by 
any means common, but the metal is rendered very fluid, 
and a more regular and better mixture is produced than is 
commonly produced in the cupola. The method can only 
be adopted for castings in which quality is of primary 
importance and irrespective of cost. The cupola is capable 
of producing fluid metal very quickly, with a relatively 
high metal to fuel rate, and is, in consequence, recognised 
as an economical melting unit for cast iron. With proper 
charges and reasonable care in its manipulation good-quality 
metal can be produced, and developments in design may 
yet prove this type of melting appliance to be second to 
none in respect of quality as well as from the point of view of 
economy. 

The general design of the cupola varies little. It may be 
a solid-bottom type having a brick foundation on which 
the bottom plate rests, or the more modern drop-bottom 
type may be used, in which the bottom plate carries doors 
which correspond with the diameter of the furnace hearth. 
Much controversy is prevalent respecting the merits and 








Fig. 1. Gooseneck connection between Wind-belt and Tuyere. 


demerits of each type. The 
solid bottom furnace must 
be drawn from the breast 
hole at the conclusion of a 
“ blow,” whereas the mod- 
ern form is cleared by drop- 
ping the doors. The latter 
is undoubtedly cleaner, and 
the work of the furnacemen 
less arduous, but the greater 
relative safety which is 
claimed for the solid bottom 
has many adherents. With 
reasonable care in making 
up the hearth of the drop- 
bottom furnace, no diffi- 
culties should be ex- 
perienced. It is advan- 
tageous to wipe the joint 
of the drop-bottom with 
loam before ramming on 
the sand to make up the 
hearth, and particular care 
must be taken to remove 
slag. 

Incorporated in the de- 
sign of the cupola may be a 
special receiver into which 
the metal flows directly it 
reaches the hearth. This 
type of furnace is preferably used for work of a standard 
character, necessitating a constant composition. The 
ordinary cupolas accumulate metal on the hearth, and in 
order that a suitable amount can be accommodated the 
tuyeres must be arranged at a considerable distance above 
the hearth, higher than is necessary with a receiver. The 
higher the tuyeres are above the hearth the greater will 
be the bed charge of coke, and, because of this, it is claimed 
that a higher ratio is obtainable from a receiver type of 
cupola. This is a very debatable point, because the 
receiver should obviously be heated before metal is allowed 
to run in, and even when pre-heated the first metal drawn 
from the receiver is likely to be cool. The main advantage 
of this appliance is as a mixing chamber, which assists in 
maintaining a regular mixture, the receiver being designed 
so that the metal loses little heat by radiation when the 
structure has been adequately heated. The design of the 
cupola as a melting unit is, however, only indirectly 
affected by these special types. 

In regard to the internal diameter of the stack, some 
designs have a reduction at the melting zone, giving a cone 
structure corresponding to the “ bosh”’ formation in a 
blast furnace. The object is to obtain a more regular wear 
of the furnace lining as this shape conforms to the heat 
zone. This design has, however, a few disadvantages, 
notably the likelihood of scaffolding. In comparison, a 
plain straight stack having a uniform diameter gives a 
larger holding capacity for a similar tuyere level, and is not 
so liable to be affected by scaffolding. 

The ratio of tuyere area to the area at the melting zone 
is a variable one, and is dependent upon the size of the 


furnace. Thus, if various sizes of cupolas are taken, 


ranging from 2 ft. to 7 ft. in diameter, the former may 
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have a ratio of | to 5, while a suitable ratio for the latter examples are as shown in Fig. 3. The air should be intro- 
would be 1 to 8, the ratio being greater with increase in duced as evenly as possible over the area of the cupola 
diameter of cupola. The tuyeres are preferably rectangular in order to obtain a regular consumption of fuel. The 
in shape, and arranged so that they increase in size from pressure of air suitable for this purpose is variable, and 
depends upon the tuyere area, the size of the 
furnace, the amount and character of fuel to 
be consumed, the height of cupola, the rate of 
melting, and to an appreciable extent on the 
character of the charge, but it should be such 
as to penetrate to the centre in order to equalise 
combustion as far as possible. It is the volume 
of air that is needed to consume the coke, and as 
134 cubic feet of air consumes | lb. of coke, 
the amount of air required for a furnace is 
readily calculated according to its charge. 
Generally, the cupolas that are comparatively 
short for their diameter require more air than 
similar-sized cupolas of greater height, because 
of greater loss. 

In modern practice the aim is to produce 
CO, under the fusion zone, and to ensure this 
air in excess of the amount actually required 
is utilised. Air in excess will increase the 
percentage of CO, which it is aimed to obtain, 
but it should be borne in mind that it is not 
possible to prevent the reactions CO, + C 
2CO and CO, CO + O from taking place 
when CO, passes through the incandescent 
coke, and it is urged that, because of this, in 
practically every case to-day the gases escaping 
from a cupola contain as an average equal 
weights of CO and CO,, with the result that the 
fuel will vield up only approximately 
9,500 B.th.u. per pound of carbon burned. 
Instead of aiming at the production of CO, 
Fig. 2. Blast-pipe surrounding Cupola, showing brinch under the fusion zone, a system known as the 

connections to Tuyeres. Poumay System aims at the production of CO, 





the wind-box to the inside of the furnace, in 
order that air will enter under mild rather than 
piercing pressure. The design should allow for 
the entrance of a proper volume of air at the 
minimum pressure. 

The height of the tuyeres above the hearth 
is determined by the duration of the blow and 
the amount of metal it is desired to hold before 
tapping. The tuyeres require to be higher 
when the furnace is to be worked for five or six 
hours than when it is oniy worked for two or 
three hours in order to accommodate slag, and 
should the furnace be required to accumulate 
metal for large castings, in order to reduce the 
number of tappings, the height of the lower 
rows of tuyeres will be at a height above the 
hearth to suit the amount to be carried. 

The use of a wind chamber about the cupola 
from which the tuyeres convey the air serves 
to reduce variations in the air delivery, and 
enables the use of a short blast pipe, which 
should be increased in size from the discharge 
end of the fan or blower to the wind-belt. This 
is necessary to reduce friction. 

The tuyeres may be inside the wind-belt, 
access being obtained by means of a protected 
hole through the belt. On the other hand; a 
contact of the goose-neck type may be made, 
as in some of the Pneulec cupolas. This device, which is and fusion and preparation tuyeres are designed to achieve 
illustrated in Fig. 1, is very accessible for inspection and this result. 
for clearing any obstruction when necessary, and it reduces Having in view the fact that 1 lb. of carbon burned to 
the likelihood of slag entering the belt. It will be noticed CO, evolves 14,500 B.th.u., and 1 lb. of carbon burned 
a curved connection is used to reduce friction. Many to CO evolves only 4,350 B.th.u., it would at first sight 
furnaces are in operation with goose-necked connecting seem to be a paradox to aim at the production of CO under 
pipes from a blast-pipe encircling the stack, as in Fig. 2. the fusion zone, as from the figures given above it will be 
The adaptation of this device to modern furnaces corre- appreciated that the presence of CO indicates incomplete 
sponds to the enlarged illustration, Fig. 1, of which combustion, but with the Poumay system there are 








Fig. 3. Wind-belt Set above Tuyeres with Gooseneck Connections 
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two stages of combustion. In the first place, the carbon 
is transformed to CO under the fusion zone, and then there 
is the combustion of this gas in the charge. The result 
is achieved by the 
use of a series of 
auxiliary tuyeres 
placed at varying 
heights above the 
wind-belt, as shown 
in Fig. 4. It may 
be as well to explain 
the working of the 
process. The whole 
of the CO formed 
under the fusion 
zone is burned at 
different levels in 
the charges, the 
ascending gas be- 
comes poorer” in 
CO and correspond- 
ingly richer in COg. 
The descending 
charges receive pro- 
gressively the 
B.th.u. emitted by 
the exothermic re- 
action of CO burn- 
ing to CO,. and the 
nearer the charges 
come to the melting 
zone the hotter they 
become, with the 
result that upon 
reaching the melt- 
ing zone they fuse 
very rapidly. The 
amount of air ad- 
mitted above the 
fusion zone should 
only be sufficient 
to consume the gas, 
otherwise the fuel 
will be attacked and 
carbon removed, 
which may cause imperfect combustion. Under correct 
working conditions, in addition to fuel economy, it is 
claimed for the Poumay system that very pure metal, with 
a minimum of metallic loss, is obtained at a higher tempera- 
ture, that melting is very rapid, and that there is a reduction 
in the sulphur content. 

It will be noted that two rows of tuyeres are used, the 
fusion and preparation tuyeres, and, in addition, auxiliary 
air is admitted at varying distances above the wind-belt. 
In order to show the practical value of this system, Mr. 
Cameron, of Cameron and Robertson, Ltd., has been good 
enough to supply some data. It refers to cupolas 51 in. 
diameter, as shown in Fig. 4, which prove to be economical, 
quick, and satisfactory. With the idea of getting an 
even distribution of the charge, the firm adopt the practice 
of charging by hand. The bed coke consists of 25 ewt., 
which attains a height of approximately 4 ft. 2 in. above 
the fusion tuyeres. Each charge consists of 30 ewt. of 
metal, in the ratio of 2 to 1 pig and scrap, and 2 ewt. of 
coke. After melting 13 tons 10 ewt. of metal, 2 ewt. of 
coke is added in addition to the normal coke charge, with 
a view to returning the coke bed to its normal level. The 
amount and time of this additional charge is the result of 
practice, and its adoption has given excellent results. 
The air pressure used is from 16 oz. to 18 oz., and a volume 
of 375,000 cubic feet is blown per hour. 

In regard to the ratio of metal to coke, the following 
comparison in coke consumption will indicate the percentage 
of coke to metal melted. Under the normal method, before 
conversion to the Poumay System, this was 10%. Since 





Fig. 4. Two Cupolcs cfter Conversion to the Poumay System . 
aad tes f : Ss cwt. 
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conversion an average of 10 blows gave 6-63 as the 
percentage of coke used. In both instances this result 
excludes the bed charge, as obviously the effect of the bed 


charge on this per- 
centage depends on 
the amount of the 
total melt. The 
additional 2 ewt. of 
coke after the ninth 
charge is, however, 
included in this 
figure. 

On a normal melt 
of 50 tons these 
figures give the fol- 
lowing economy : 

10°% of 50 tons 
5 tons + 22 ewt. 
bed 6 tons 2 ewt. 

6-63% of 50 
tons 3 tons 6-3 
ewt. bed 4 tons 
11-3 ewt. Economy 

1 ton 10-7 ewt. 

In addition to 
this economy the 
cupola gives metal 
from 15° to 60° C. 
hotter than before 
conversion. Under 
present conditions 
this cupola melts 
considerably faster, 
as before conversion 
the diameter at the 
melting zone was 
54 in., and the tap- 
ping rate was 10-5 
tons per hour. On 
conversion the 
diameter was main- 
tained at 54in., 
when the tapping 
rate was 14 tons 
per hour. 
This exceeded the rate required, and the furnace was 
relined to 51 in. at melting zone, when an average tapping 
rate of 13-16 tons per hour was obtained. 

A slight reduction in the sulphur content of the metal 
melted was found—from 0-068% to 0-052°,—as a result 
of conversion. This reduction can be explained by (1) the 
smaller amount of coke present ; (2) the shorter time in 
contact with coke, due to increased speed of melting. 

In explanation of the greater efficiency with this type 
of cupola, we give the following percentages of carbon 
monoxide as found in gas samples taken from 2 ft. under 
the charging door : 


CARBON MONOXIDE. 
After Alteration. 


o 


Before Alteration. 


0 o 
10.5 0.15 
10.1 0.10 
10.9 0.10 


The two cupolas shown in Fig. 4 are those from which 
these particulars have been obtained. 


(To be continued.) 


STEEL GOLF SHAFTS. 

A leading American firm of steel golf shaft makers has for 
some time past been hardening these shafts in furnaces designed 
by Wild-Barfield Electric Furnaces, Ltd. The furnaces are of 
special design, having in addition to a new form of automatic 
temperature control an autcmatic quenching device, 
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in Steel-Making 


By Walter Lister. 


Part III. 
The Mould Stock. 


In large works, whose principal manufacture is steel for 
structural purposes and rolled sections of various kinds, it 
is always the best practice, as being the most economical 
and efficient, to confine the production of ingots to one or 
two sizes, but in steelworks specialising in steel for forging 
purposes, a large number of moulds of diverse sizes and 
shapes are essential. In the former case it does not pay to 
bottom-run the ingots ; top-pouring is good enough, and 
in fact quite essential in order to get the ingots into the 
soaking pits without loss of time. 

The best size of mould to use for rolling purposes is one 
that will cast an ingot of about 3 tons. Anything less than 
this cannot be called good practice at the present time. 
But a 3-ton ingot that is piped for half its length is no 
practice at all: it is simply foolery. And I am afraid there 


© 








sketch, Fig. 1. As will be seen, the mould has almost 
parallel sides, and extending from the top for about 18 in. 
there is a recess with a ledge at the bottom 1 in. wide. 
On this ledge firebricks 9 in. x 44} in. x 1} in. are built up 
to the top of the mould to form the brick head. 

The most important feature in this head is the fact that 
the bricks overlay the ledge on which they rest by } in. 
It is important, inasmuch as without it—that is, if the 
bricks were laid flush with the sides of the mould—steel 
would get in between the ledge and the bricks and cause 
difficulty in stripping. With the overlay, it is easy to work 
in a little fireclay underneath, with the fingers or a small 
trowel. This forms an effective seal and prevents any 
steel from penetrating. If this precaution is carefully 
carried out there will be no trouble in stripping, and 


O Deen dt | 






































Section of Mould, 
end up, showing 


Brick Top 


Fig. 1 
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are still many firms who 

















Fimeccay Te Ba Pur 
Tm Tee Jounr. 

















are “ penny wise and pound 














Fig. 2 
should be 








Type of Bottom that 
used for Inverted 
Moulds. 


the brickwork will be left in the mould 
intact. 

After every cast, and before being 
used again, a little more fireclay 
should be worked into the joint and 
the face of the brickwork smoothed 
over while the mould is still warm. 
Brick heads carefully put in and care- 














foolish ’’ in this respect. 
They save a little by not 
using brick heads,’ but lose 
twice as much at the other 
end by an abnormal amount 
of discard. All dead steel 
should be cast in brick- 
topped. moulds. 

For convenience of strip- 


a 
Perecen WHEEL 
ping, it is not practicable 
to cast large end up, but 


moulds with as little taper 


as possible should be used, in fact the sides may be 
almost parallel. In using moulds with about half an inch 
of taper only, it is quite easy, with the shrinkage of the 
ingot, to lift the moulds off with a stripping machine, 
as the ram of the stripper exerts considerable downward 
pressure on the ingot. 

The question of the proper type of brick head to use is 
very important. In my experience, for casting narrow end 
up, I have only found one method of bricking which can 
be called an all-round success, This is illustrated in the 


%, 


Fig. 























3. Elevations and 
Section of an 
Mould. 
Slab Bricks. 


fully attended to in this way will last 
20 to 25 casts, and the cost per ton 
of steel will be negligible in compari- 
son with the saving effected. After 
the moulds are once bricked, one man 
per shift can keep in repair the whole 
of the moulds necessary for a battery 
of four or five furnaces. 


Inverted 
Top fitted with 


Pit Casting. 


If pit casting is the rule, moulds can 
be used large end up. An ordinary taper 
mould should be inverted, but moulds with solid bottoms 
should never be used, as they are both costly and enjoy 
a very short life. When they are top-poured, the stream 
of molten steel soon burns holes in the bottom, causing 
the ingot to stick, and when they are bottom-poured 
there is also difficulty in stripping owing to the runner 
becoming wedged in the hole. 
Moulds with open ends top and bottom are always best. 
They should be set on a loose bottom, as shown in the 
illustration, Fig. 2. And the design of the loose bottom is 
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very important. Just dumping the mould on to a plain 
flat piece of cast iron is no use at all; the bottom must be 
made to fit the mould, otherwise more time will be occupied 
in stripping the cast than was taken in making it. As will 
be seen from the illustration, the centre of the bottom is 
slightly raised to fit inside the mould. If a little bit of 
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in basic furnaces. The ingot heads should be cleaned on 
the pit-side, and, if care has been taken to ensure a tight 
joint, this can be easily done. 

Another advantage of using an inverted mould without 
a ledge on which to place the slabs is, that when mild or 
rising steel has to be made, the same moulds can be used 
without the brick head. 
In the case of rising steel, 
the moulds should be 
provided with a cast-iron 
lid, which is put on 
immediately the mould 
is filled. The steel, on 
rising, solidifies on com- 
ing into contact with the 
cold lid and makes a firm, 
solid top. Moreover, the 
ingot can be lifted out 


Funnel tn Position 








of the mould by means 
of the lid, which has a 











hook attached to it for 
the purpose. The ingot 
adheres sufficiently to the 
lid to allow this to be 
done. Afterwards the lid 





Fig. 4 Section of Mould for casting Wheel Centres, showing the two segments clam pe d together 
and the funnel in position for pouring. 


fireclay or graphite paste is daubed on the edge of this 
raised portion, just before setting the mould, there will be 
a tight joint which will effectually prevent any steel from 
running underneath and causing a “ sticker.” 

In casting with the large end up, it is also essential to use 
brick heads for ‘‘ dead” steel, otherwise the amount of 
scrap due to piping will be enormous. In this case, moulds 
without a ledge should be used, and slab bricks instead of 
the ordinary 9-in. brick. One slab is used 
for each side of the mould, so that four 
slabs will finish the job. One advantage in 
using slab bricks is that they can be used 
dry, and can be put in by any handy 
labourer, whereas when ordinary bricks are 
used and fixed with cement a bricklayer has 
to be employed. A useful device for use 
in setting these slabs is shown in the illus- 
tration, Fig. 3. 

As will be seen, it consists of an iron 
cross-piece holding by means of a thumb- 
screw a movable four-pronged holder. The 
cross-piece is placed on top of the mould and 
the holder fixed so that the tops of the slabs 
will project 3 in. or 4in. above the mould. 
When the four are in position, the holder 
with the bricks is lowered until the slabs 
tighten and remain fixed in position. To 
withdraw the holder it is only necessary to 
turn the prongs to the corners diagonally 
across the mould, when it can be easily with- 
drawn without disturbing the bricks. This 
isa very quick and fairly cheap method of 
bricking moulds, and it is quite satisfactory 
if reasonable care is exercised. But, of 
course, reasonable care has to be taken in 
all steelworks operations or results will be 
anything but satisfactory. A little fireclay 
should always be rubbed into the corners 
and under the bottom of the slabs in order 
to make a tight joint. 

Of course there can be no question of 
using these bricks a second time, as they all 
lift out with the ingot and become broken 
in the process. Ingots should not be allowed to go into 
the mill with large pieces of these slabs still adhering. 
as, during subsequent rolling operations, pieces of brick 
fall into the scale pit, thus rendering the scale unfit for use 


can be knocked off with 
a hammer. 

So much for high-pro- 
ductive rolling mill requirements, where probably two 
only, or at the most three, types of moulds are called for. 
But when we come to moulds in which to cast ingots for 
rod and sheet rolling and for forging purposes, we find a 
much larger variety of moulds are essential. For rod 
rolling, tiny billet size ingots are cast, which are rolled 
direct into rods at one heat. The moulds for these may 
be only 4 in. square by about 3 ft. long. 





Fig. 5. 110-ton Ingot Mould. 


The same with slabs for sheet rolling, in order to avoid 
cogging down. Moulds for slabs may be only 4 in. x 8 in. 
inside diameter, with a length of about 3 ft. 6in. A small 
round mould, casting an ingot weighing about 5 ecwt., is 
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also used for tyre rolling. Each ingot makes one tyre, and 
the size of ingot is accordingly varied as to the size of tyre 
required. 

Wagon-wheel centres are now cast directly into moulds. 
As will be seen from the sketch, Fig. 4, these moulds are 
made in two parts, which are clamped together for use. 
A short fireclay sleeve brick is fitted in the centre, on to 
which is fixed a fireclay funnel for pouring and to form a 
sink-head. Moulds for tube steels may be either round 
or square, while those required for tool steels may have as 
many as twelve sides, and all will have to be of various 


sizes to suit the work required. But it is in moulds for 
forging purposes where the most varied assortment is 
found necessary. 


A glance at Table | will give some idea of the varied 
stock of moulds found necessary for all classes of forgings 
up to 25 tons. Of course, much larger moulds are required 
at times, but those I have listed are what may be called 
moulds for everyday use. 


Some moulds of 28 to 30 tons capacity require to be of 
greater width than height to suit the particular forging 
required. The photograph (Fig. 5) will give some idea of 
the size of a 110-ton mould. This mould was made by the 
Brightside Foundry and Engineering Co., Ltd., Sheffield. 
It is 155 in. long, 91 in. across the flats, 103 in. across the 
corners, and weighs 110 tons. It took five minutes to pour 
and 24 hours to melt the metal 
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All moulds above | ton in weight should be made of cast 
iron. Most makers have their own favourite iron mixtures, 
which they know from practical experience gives them the 
best results. This not only applies to the analysis, but 
also to the mechanical condition of the various brands. 
As a general rule, a good mould should have approximately 
the following analysis : 


o Oo 

o 0 
Combined carbon 0-50 Manganese ...... 1-00 
Graphitic carbon ; 2-60 Sulphur ...... a 0-05 
Dt sthvcsdkebeneee ae Phosphorus cine eeeneas 0-05 
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TABLE 1—TYPICAL INGOT-MOULD STOCK. 


Diem.| Diam. 

at fat Top 
Bot | of 

’P | tom. | Chill. 


— Diam. 


Weight Shape 
ot ot 
Ingot.| Mould. 


Length|Length| ,, 

in *y Total a 
Sound) ,, Length) .. 
oun) Chill. | Head. |)“P8"") T. 
Portion 








Cwt. |Square| Cwt. | Ft. In.) Ft. In.) Ft. In.) In. In. In. 
20 - 17 $ O Ww} 4 10 104 12 13 
25 * 22 § 1 0} 5 1} Wh], 12 13] 
234 - » i131 9/310] 125] 14 154 
34 - 30] 4 7 9/5 4] 13 | 14 | 15} 
30 ii 254 | 2 10 ols F 5 | 17 | LR 
43 i 374,54 4 91/5 1] Wb] 17 | 18] 
42 o 36} 211 83} 3 73) 17h | 22) 19} 
54 os $6 3 7 1} 4 5 184 23 20 
63 os 54 311 114) 4 104) 20 24 22 
70 * 60 3 11! 113) 4 10}; 21 25 2: 
85 ad 74 $0 12/5 o| 22 26 24 

Tons. | Octag.| Tons 
5 onal. 34 3 7 1 11 5. U6 “i 28 
6 i > 8:8 O18 3 29 31 
7 5 4 6 110;6 4 20 31 
S Si41)'32 317 2 29 31 
9 64,6 0;2 3/8 3 29 31 
10 63/6 0/;2 8/8 8 27 31 
12 8 60:12 6|7 9 33 35 
14 lo 6§ 31:13 819 4 33 35 
16 - 11 68:3 3/10 6 33 35 
18 - 13 7313 58110 & 374 394 
20 13 7 O} 4 10/11 10 374 394 
20 6 | 7 O}] 3 S52 1 333 | 39) | 36 
25 18 6 103) 3) Slo 4 42 18 $5 


Manganese above 1-50°%, is objectionable 
in a mould, as it encourages splitting. Simi 
larly, silicon below 1-00°, is objectionable 
for the same reason. 

All large moulds (above 10 tons) should be 
strengthened top and bottom by steel rings 
shrunk on, in order to minimise the danger 

of splitting when the mould is being filled. 

Of course all these moulds should be pro 

vided with sink heads. These heads need 

not necessarily be lined with brick ; fireclay 

moulded on is quite good enough, and 
much cheaper. An important part also is 
the bottom on which the mould is set. This 
should be dished, so that the ingot does not 
have a flat bottom. Flat-bottomed ingots 
are wasteful in the forge, as under the press 
or hammer the side walls overlap the centre, 
necessitating a large portion of the best part 
of the ingot being discarded. 

The illustration (Fig. 6) shows a typical 
25-ton mould, with sink-head attached and 
resting on a bottom with a dished centre. 
This centre, being the part most likely to 
wear out first, is made removable, and can 
be replaced by another piece when required, 
so that the whole bottom, which may weigh 
2 tons, need not be scrapped when the centre 
is burnt through. The removable centre is 
bedded in with a light packing of fireclay, 
and for additional protection a circular piece 
of 4-in. steel plate is fitted on the top. 

All moulds should be slightly warmed 
before use. Moulds that have been kept in 
the shop are generally warm enough, but any 
brought in from outside should be laid on 
hot slag or stood near hot moulds for an hour or two 
before being put into use. 


Steel Moulds. 


Small moulds (up to 20 ewt. capacity) can be made of 
steel. They give a much longer life, up to this size, than 
cast-iron moulds, but beyond this the sides cave in and grip 
the ingot, causing difficulty in stripping. I well remember 
trying out some steel-plate moulds of 5-ton capacity. All 
went well for a few casts, and the moulds looked like being a 
But at about the tenth cast the long side caved 
With much bumping it was 


success. 
in and held the ingot fast. 


(Continued on page 165.) 
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Cast Iron 


Part II. 
By J. V. Murray. 


The Effect of the Constituents. 


MALLEABLE cast iron is composed of five elements other 
than iron, each of which has a profound effect upon the 
properties, both chemical and physical. There is approxi- 
mately 96°, iron, 3-00% carbon, the other 1-00%, being 
distributed between sulphur silicon, manganese, and 
phosphores. Whilst each element must be considered 
separately, there are times when two, or even more, 
elements must be studied jointly, so great is their effect 
upon each other. Two such elements are carbon and 
silicon, as well as manganese and sulphur. 


Carbon. 


This element gives fluidity and soundness to castings, 


and if present in large amounts it gives greyness. It is 
always present in the pig iron; the amount depending 
upon the heat conditions of the blast furnace. Should 


these conditions pre- 
dominate the iron will 
take up other impuri- 
hence the 
malleable-iron  pro- 
ducers run their fur- 
naces at a _ relatively 


ties, too: 


lower heat and rate. 
Carbon can exist in 
two forms: (a) free, 


as graphite; and (4) 
in chemical combina- 
tion with the iron 
itself. Should — the 
carbon be free the iron 
is grey. Ifitis in com 
bination with the iron, 
the iron is’ white, 
intensely hard, and brittle. It will easily resist a hardenec 
file, and when broken has a white crystalline fracture, and 
shows no free graphite at all. White iron is sluggish when 
molten, and a good super-heat is required for casting. 





Flakes in 
* White Iron Castings. Unetched x 50 


Fig. 7. Small Graphite 


Graphitic Carbon. 

This is never present in malleable (white) castings. 
Its presence destrovs malleability, and, as stated, produces 
greyness. Greyness can easily be detected, but when only 
a small amount of graphite is present castings may be 
passed for annealing. Graphite cannot be removed by the 
anneal. Fig. 7 shows very small graphite flakes. Parts 
of this casting were white. After the anneal the structure 
was brittle and the graphite still present. This was not 
found out until after the test-bars were pulled. Fig. 8 
shows the annealed bar to be half grey and half white. 
One experiment with three test-bars cast from the same 
ladle, at the same time, gave the following results : 


GRAPHITE. 


Krreer oF SuicutT AMOUNTS OF 
Klong- 
ation | Bend. 
lon 2in.| 





Tensile 


Bar. Si. Ss. - | Mn. | T.C. oe 
} 


| 





Tons b 
I 23-1 2-0 7 
2 0-68 | 0-163 0-077 | 0-20 3:54 10-6 1-5 | 9 
3 }| 7-2 | 5-5 | 52 
| 


| 





All bars appeared to be white, but after annealing it was 
found that in No. | a faint amount of graphite was present. 
No. 2 appeared to be all grey, and in No. 2 none was 
detected on the section examined. The presence of graphite 
in the castings denotes loss of strength. All the intrinsic 
values are destroyed. The only remedy for this is to have 
the castings remelted. The graphite is due to the presence 
of too much silicon, or an excess of carbon. 


Combined Carbon. 

The carbon in this state is in chemical combination with 
ferrite, and is known best by its metallographical name as 
cementite. Chemically its formula is represented as Fe, C. 
Since the atomic weight of Fe is 56, and that of C is 12, 
the combining weights of this compound are 168 parts of 
iron te 12 of carbon. This compound exists in two forms, 
primary, or free, and 
secondary. The first 
is deposited as the 
metal freezes, but the 
secondary is thrown 
down when the metal 
is solid. Cementite is 
also found as a consti- 
tuent of pearlite, which 
is formed from the 
solid solution. This 
will be discussed later. 

When the carbon 
is in the combined 
form it responds to 
annealing and 
Small Graphite Flakes in An- malleabilitv. 
Picric Acid Etch x 50. : 

the total carbon must 
be in the combined form in the castings. When this 
is so a white-iron casting is obtained. As stated, the 
correct amount of carbon which should be present is about 
3-00%. If below 2-80°, the metal is sluggish, hard, and 
yields unsound castings, unless the silicon is correspondingly 
high. Should the total carbon be too high (over 3-60°%) 
the annealing takes a longer time, and the physical proper- 
ties deteriorate. The nodules of carbon deposited on 
annealing are coarser, too: whilst the decarbonising 
action of the ore is too fierce, and may tend to start a peel. 
From 2-90°% to 3-3°% is a suitable amount of carbon. 





gives 


Hence 


Fig. 8 
nealed Casting. 


Silicon. 

This element is a softener. It is taken into solution by 
the iron, and helps to promote soundness in the castings. 
It has an effect upon the carbon in solution. When the 
silicon goes in solution some carbon is thrown out, or, if 
silicon is in, carbon cannot get in. Since the effect is to 
turn the carbon out of solution it becomes a softener. 
It also acts as a softener by its action on precipitating the 
carbon during annealing. As the previous article stated, 
the effect of the reduction of silicon produces whiteness, 
therefore the addition induces greyness. Castings are 
cooled too quickly to allow graphite precipitation, but the 
annealing effect restores the action somewhat, and silicon 
tends to hasten malleability by speeding-up the graphitisa- 
tion of the casting. Low silicon retards annealing and 
resists malleability. There is some relation of silicon to 
carbon. In a white-heart casting a silicon of 0-5% and 
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35% carbon is white. A black-heart casting may contain 
a silicon of 1-00%, but with 2-60% carbon. The high 
silicon in black-heart practice kicks the carbon out of 
solution. 

Some founders buy their pig iron according to the 
silicon content solely. There is one action peculiar to 
silicon in the solidification of castings. A low-silicon 
content gives greater contraction, but it is often found 
that there are draws and cavities in higher silicon-iron 
castings. The explanation is that a 
higher silicon casting requires feeding, 
due to a longer freezing range, but 
the gate being smaller crystallises first 
and prevents any further supply of 
liquid iron. Thus, whilst carbon may 
be termed the primary constituent, 
silicon is always the dominating ele- 
ment, both in white- and black-heart 
castings. 

It has also been found by experience 
that the lower the silicon the higher 
the sulphur. This is due to blast-furnace 
conditions, but it is a well-known fact 
that when using desulphurisers there 
is always a loss of silicon which 
accompanies the slagged sulphur. 
Hence silicon is related to carbon and 
sulphur. 


Fig. 9. 


Sulphur. 

This element plays an important part in the casting 
and in the annealing. It tends to keep the iron white and 
prevents annealing, and also makes the metal run sluggish 
In malleable iron quite a lot of sulphur exists as ferrous 
sulphide. Up to 0-15% 8 is harmless, but on getting 
higher the sulphur tends to find its way to grain boundaries. 
At annealing temperatures the FeS is somewhat plastic, 
and will easily break. There is a lack of cohesion within 
the matrix of the metal. Hence the term red-short. 
Fig. 9 shows the structure of a malleable casting to which 
was brazed the back stays of a motor-cycle. The brazing 
was apparently successful, but on being lifted the casting 
broke away without any strain. The structure revealed 
thick grain boundaries of ferrous sulphide, which was 
responsible for the break. The sulphur content of the 
casting was 0-48%. 

Sulphur, although related to silicon, is much more 
intimately related to manganese, and should never be 
considered without it. Sulphur forms manganese sulphide 
up to any amount usually present in malleable. When 
there is no manganese left to satisfy it, the remainder 
forms the objectionable ferrous sulphide which makes the 
castings brittle and red-short. The most serious objection 
to sulphur after formation of ferrous sulphide is the 
tendency for it to segregate, or gather up in large patches. 
The quick chilling of a casting prevents serious segregation, 
but it will not inhibit it. Manganese sulphide has a very 
high melting point compared with ferrous sulphide, about 


1,600° C. against 1,130° C. approximately. Hence it may 
be stated that the effects of sulphur depend upon 
J two things: The distribution, and the amount 


/ of manganese accompanying it. It may exist as 
FeSMn8S, or FeS, MnS. in various proportions. 

Manganese sulphide is usually distributed in 
small giobules such as seen in Fig. 10. The 


Fig 10 shapes of sulphides are significant. Should a load 
rs be applied from 1 to 2, the maximum intensity is 

” ee \ found at the corners. The stresses are easily 
\ resisted. Compression stresses have little effect ; 
“SS but should the stresses be applied from A and 


fig 10c B rupture will occur, because there is no cohe- 

sion along the surface as in Fig. 10a. 

In a casting any manganese sulphide comes down before 
the ferrous sulphide is deposited. This latter is the last 
to solidify. The former is not affected by heat-treatment, 
but, as stated, the latter is more or less plastic during 





FeS at Grain Boundaries 
Acid Etch x 120. 
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annealing and segregates at grain boundaries. Hence the 
sulphur in malleable must be kept as low as possible, and 
should have at least 1-7 times the amount of manganese 
accompanying it to obtain the best results. 

Sulphur increases the. tensile strength up to about 
0-12%, but afterwards there is a reduction in value of 
this property. It also reduces malleability as revealed by 
the bend test, and requires 1-7 times the manganese to 
effect its chemical formation of MnS. Silicon has the 
effect of keeping out sulphur, and the 
author has found that with a very 
low silicon content, about 0-28, the 
sulphur content is generally much 
higher than normal. As _ malleable 
castings are purposely kept low in 
silicon, more sulphur is found in 
consequence. Under certain conditions 
the castings will take up sulphur 
during the anneal, but this will be 
discussed later. 


Manganese. 


Manganese in malleable is only 
present in small amounts. Its first 
effect is to promote soundness, since it 
is a powerful deoxidiser. Its second 
effect is that of desulphuriser. One 
of its next effects is to form a com 
pound with carbon with the formula of Mn, C. One 
other effect which has been noted is that after the sulphur 
is satisfied any excess in small amounts appears to act as 
a softener by helping to precipitate carbon on annealing. 
Dr. Norbury has found this effect in grey iron. One ex- 
periment which the author? conducted gave the following 
results : 


Picric 


Tensile | Elong- 


No. Si. Ss. 2 send. 
o i I Mn. Strength. ation | Bend 
| on < in. 
Tons 
Sq. In. 
0 
” 
l ) 25°6 | 3-5 40 
? 0-52 0-18 0-074 0-05 25-6 | 5:5 28 
3) | 25-2 4-5 | 32 
4 ) 25-3 9-0 | 50 
5 0-74 0-086 | 0-060 0-22 25-4 9-5 | 55 
ti } | 23-0 6-0 55 


From these figures it can be argued that they appear 
to support Dr. Norbury’s conclusions, but experiments of 
a much finer nature will be carried out. 

One remarkable effect on manganese is that it reduces the 
Al point, which should always be considered when cooling 
malleable castings. E. R. Taylor? found that the ratio 
of 1-7 manganese to | of sulphur gave the best all-round 
mechanical tests, and that beyond this amount the 
elongation values were considerably lowered. He produces 
considerable evidence in support of these contentions 
E. Leuenburger*® found that up to 1-00 Mn the elongation 
is not affected, but over this amount the values diminish. 

It is good practice to allow for double the amount of 
manganese to that of sulphur to be present in the castings, 
thus making due allowances for losses during melting. 
The softening effect will then persist and a better mallea- 
bility will present itself. In the black-heart process there 
appears to be no doubt of the softening effect of the excess 
manganese. In the making of refined pig irons this same 
effect was noted during the routine analysis work with pig 
irons of exactly the same analysis except manganese. 
With normal white-heart the sulphur is sometimes higher 
than the manganese. This helps the tensile properties, 
but always reduces the malleability. Manganese very 
rarely exceeds 04%, in malleable. 


(Continued on page 165.) 






















































































he 
nd 


PSe 


-_—_—-— -— — 














4 
or] 
% 
z 
$ 
7 


——EEE 





Fepruary, 1930. 





METALLURGIA 163 


Principles and Uses of Wire Rope 
Part IV. 
By Watrrer A. Scostz, D.Sc., M.I.Mecn.E. 


Head of Engineering Department, Woolwich Polytechnic. 


Strand Combinations and Constructions. 


It is evident that when a strand is built round a fibre core 
a number of combinations of equal wires are possible, either 
in one or more layers, subject only to the condition that the 
numbers of wires in adjacent layers differ by six. The size 
of the core can be adjusted to suit any number of wires in 
the inner layer. Strands have been used with nine wires in 
one layer round a fibre core, which is a modification of the 


— 


Fig. 1. 


12-wire strand previously dealt with. The 12 on 6 on a fibre 
core is an example of a strand with two layers of equal 
wires which belongs to the same class as the 24-wire strand, 
and it will be recognised as the 19-wire strand, with the 
central wire replaced by a fibre core. These modifications 
involve no new principles, and need not be dealt with 
further. 

Strands are sometimes built up regularly round a core 
wire, but consist of wires of different diameters. A strand 
to which this description applies has been illustrated 
previously, and is known as the “‘ Warrington,’ and in this 
case the differing wire diameters are designed both to 
restrain completely the positions of the wires, and to make 
the strand of circular section. All the outer wires should 
touch an enclosing circle. This example may be regarded 
as a special case. In general the strands now dealt with 
have equal outer wires, which are appreciably larger than 
the wires of the inner layer, which are themselves equal. 

Working conditions sometimes involve considerable 
abrasion at the outside of a rope by rubbing on hard 
surfaces. The weakening effect of wear is greater on a small 
than on a large wire, because its sectional area suffers a 
greater percentage reduction. Consequently the service 
demands large wires on the outsides of the strands, and, 
if flexibility is not an important consideration, the strand 
may consist of a small number of large wires, 6 over 1, for 
example. When the rope has to withstand considerable 
abrasion and must also be flexible, the wires in the outer 
layer only are large, and these are laid on a layer of smaller 


wires. It is desirable that the number of large outer wires 
and the number in the next layer should be so related that 
they bed together definitely, and this is effected in still 
another 19-wire strand, which is called the “ Seale ”’ con- 
struction. In this case nine wires are laid round a larger 
core wire, with nine large wires in the outer layer (Fig. 1). 

Many changes may be made on the same general lines as 
above, the wire diameters being adjusted for any suitable 
numbers of wires in the two layers, but it is clear that the 
form of the strand is more definite when the numbers are 
equal. 

It is unfortunate that the preparation of specifications 
has done so little towards the reduction of the number of 
rope constructions. This may have been done first by the 
elimination of the forms which are irrational, and, further, 
by the omission of those which have no special value. An 
outstanding example of wasted opportunity in this direction 
is the British Standard Specification No. 300, for round 
strand ropes for colliery winding purposes. The table of 
constructions includes 7 outer, 8 outer to 11 outer, which 
means that any number of outer wires from 7 to 11 may be 
laid round the core, which in each case may consist of 6 
round 1, 5 round 1, or less. The possible number of con- 
structions is ridiculously large, and usually there is no 
connection between the numbers of wires in the outer and 
inner layers, which cannot bed properly on each other. 

Strands are not always built round a circular core con- 
sisting either of fibre or a single wire. Sometimes wires are 
twisted together, usually three wires being used as in the 
27-wire strand, which is frequently specified. This is 
illustrated in Fig. 2, and corresponds to the 24-wire strand 
previously described, 15 wires on 9, but with the fibre 
core replaced by three wires. The figure shows that the 
twisted wires alone cannot afford complete bearing to the 


Fig. 2. 


nine—every third wire is unsupported, so filler wires or 
fibre should be added. 

The description of the methods of formation of strands 
is still incomplete, but the constructions yet to be dealt 
with will be understood more readily by considering the 

compiete rope instead of a single strand. 
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Wire ropes are formed by twisting a number of complete 
strands together in a manner similar to that in which wires 
are laid into a strand. Six strands is by far the most com- 
mon number in use, and these, each built up according to 
one of the constructions already indicated, are usually 
laid on a fibre core in the same way that six wires are wound 
round a central wire. All the strands of a rope are of the 








Fig 


same design, it being very unusual to find dissimilar strands 
in the same rope unless it is much more complex than those 
dealt with here. Sections of a number of 6-stranded ropes 
in the constructions dealt with are shown in Fig. 3. 

A fibre core to the rope is preferred by all manufacturers 
because it affords an efficient bedding to the strands, and 
does not damage the wires when they move upon it. The 
diameter of the core can be adjusted to suit the rope, and 
the fibre is squeezed between the strands and wires during 
the laying up of the rope. Evidence of this bedding is 
afforded by Fig. 4, which is a photograph of a core taken 
from a rope. 

Ropes have to work occasionally under conditions which 
fibre cannot withstand, notably at high temperatures, as in 
steel works or when handling material during heat- 
treatment. In such circumstances the fibre core is replaced 
by a strand of lower tensile wires. 

A fibre core and a lower tensile strand, particularly the 
former, are able to elongate sufficiently, without breaking, 
to allow the wires in the main strands to take the tension 
on the rope. The desirability of this was dealt with fully 


;n connection with the core wire of a strand, and the core 





Fig 


has the same relation to a rope that the central wire has 
to a strand. 

Sometimes the weight of a rope of given strength must 
be kept as low as possible. Remembering that low tensile 
wires are not considered to contribute to the strength of a 
rope, it is evident that the use of fibre for the core gives a 
lighter rope than when a low tensile steel strand is adopted. 
When the necessity for lightness is paramount a steel 
core similar to the strands is sometimes used, giving a 
7-strand rope, 6 round 1, although the core is more heavily 
stressed than the outer strands in service. ° 
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When the strands are formed into rope they are usually 
arranged according to what is known as “ ordinary lay,” 
because this arrangement gives the greatest strength. 
Looking at an ordinary lay rope, the wires on the outside 
lie parallel, or nearly so, to the length of the rope, Fig. 5a. 
This end is achieved by laying the strands in the rope in 
the opposite direction to that in which the wires are laid 


x 19 (Filler) 6 x 


19 (Warrington) tx 


6x 24 (7 Fibre Cores) 

3. 

in the strand. Thus, the illustration shows a right-hand 
ordinary lay rope, the “hand” being taken from the 
strand, in which the strands are laid right-handed in the 





Fig. 4. 


rope, but the wires form left-handed helices in the strands. 
Occasionally a left-handed ordinary lay rope must be 
used, when the wires are right-handed in the strand and 
the strands are left-handed in the rope. 

Ordinary lay ropes are at a disadvantage when they are 
subjected to surface wear, because the wires curve sharply 
where they appear on the outside of the rope. For example, 
when such a rope passes over a pulley the outer wires bear 
in the groove at a number of points, wear takes place, but 
the flattening of a wire is localised, and the bearing area 
is still small, because the wire curves sharply. Wear is 


— 
c —— 





confined to short lengths of the wires, which are weakened 
and break at the contact points. Fig. 5p should make 
this clear. 

Lang’s Lay is intended to give a longer bearing between 
wire and pulley groove surface, and so to spread the wear 
over a greater length of wire, and to reduce the intensity 
of wear and the consequent weakening of the rope. The 
wires in the strand and the strands in the rope are laid 
in the same direction. Fig. 5c shows a new right-handed 
Lang’s lay rope, whilst Fig. 5p is the same rope when worn. 
The consideration of certain forms of strand was left over 
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until complete ropes were dealt with. Amongst these are 
flattened strands, which represent further attempts to 
increase the bearing between the outer wires and the 
surface of the groove of a pulley. The strands are flattened 
to make the outside of the rope section approximate more 
nearly to the enclosing circle. 

+ Flattened strands may be divided into two groups. The 
first group includes the strands, which have an oval or 
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can be made by the use of wires of different liameters. Each 
of the ropes illustrated has five strands, which make the 
size of the rope core about equal to that of the strand. If 
six oval strands were used, the core would be unduly large, 
and the rope would be liable to deform when crushed, also 
the wire section would be a small fraction of that of the 
rope, so the rope would be weak for its size. 

The triangular or sector of a circle strand allows six 





Fig. 6 
nearly elliptical section, whereas the others approximate 
in section to a sector of a circle. 

Oval flattened strand ropes are shown in Fig. 6. In A 
four wires are laid straight, the outer being smaller than the 
inner pair, and this flat core gives an oval strand when a 
further ring of wires is laid over it. B is practically the 
same formation, the only difference being the replacement 
of the four core wires by fibre. In C and D the core is an 
oval strip, and D indicates that numerous modifications 


Common Errors in Steelmaking 
(Continued from page 160.) 


knocked out, but after two or three more casts it was 
found impossible to release the ingot, and the mould had to 
be broken off. Instead of the 200 casts we expected, we 
got only about 15. If this tendency to warp and buckle 
could be overcome, steel moulds for larger sized ingots 
would be much more economical than cast-iron moulds, 
as they do not split from the bottom, and the interior 
surface remains good for about double the number of casts. 
Small square moulds do not buckle so much, and can be 
successfully stripped up to 500 casts. 
A suitable analysis for steel moulds is : 


o o 


o 
Combined Carbon O-3z Sulphur 0-04 
Silicon ..... 0-26 Phosphorus Pee 0-04 
Manganese ..... 0-75 


Care of Moulds. 

Ail moulds that are stocked outside, exposed to the 
weather, should be laid on their sides and not on end. They 
should be laid in tiers, the bottom tier being placed on 
planks or rails and not directly on the ground. They should 
be painted on the inside with a good coat of graphite paste, 
and this should be done every two or three weeks. The 
inside of a mould deteriorates quickly if exposed to the 
weather, and a rusty mould may cause surface blow-holes 
in an ingot, to say nothing of a bad surface. Ali moulds 
should be carefully brushed out with a wire brush after 
every cast. Moulds on carriages can be brushed down, and 
the dust removed by means of a vacuum pipe attached to a 
compressed-air line. 

As regards lifting attachments for moulds, little need be 
said, as the various types are simply a matter of con- 
venience to suit the equipment in use, but the old-fashhioned 
bent lugs placed in the top of the mould should never be 
used, except in the case of large plate ingots, which have 
to be boxed down. 

As a last word, I would urge the necessity of numbering 
every mould above 20 ewt. capacity, so that a record can 
be taken of its life. An index system, with a card for every 
mould, is most useful. The numbers of the moulds used 
in each cast are returned to the office every day, where the 
lives are entered on the cards. It is only by using a system 
of this sort that inferior supplies can be weeded out and a 
good grip kept on the mould cost. 


(To be continued.) 


Fig. 7. 


such strands to be used for a rope (Fig. 7). A triangular 
core wire is often used, but is large compared with the 
other wires, and therefore is likely to break when the rope 
is repeatedly bent. The sharp corners of the triangular wire 
tend to nick the wires in the next layer. For these reasons 
the core of a triangular strand is frequently formed by 
laying three wires together. The figure shows a strand of 
this type, in which the three wires are overlaid by small 
wires, with an outer layer of large wires. 


Malleable Cast Iron 


(Continued from page 162.) 


Phosphorus. 

It has been demonstrated by many scientific workers 
that phosphorus in iron causes brittleness. Up to 0-2 is 
allowed in malleable castings, but beyond this amount 
serious cold shortness intervenes, and the castings, whilst 
giving good tensile values, are intensely brittle. One can 
hold a 0-25°, P casting after annealing, and upon hitting 
it sharply with a hammer it will fracture. Hurren* 
describes a 0-4°,, P casting which fractured upon dropping 
it upon the floor. Mostly all hematite pig irons are low in 
phosphorus, 0-03 to 0-08 being the rule. The phosphorus 
is taken into solution with the other elements, and it is 
an element which will segregate upon slow cooling. — It 
forms phosphide of iron, and always tends to be found at 
the grain boundaries. This compound is very brittle when 
cold, hence the term cold-short. Phosphorus increases the 
fluidity of the molten metal, and tends to raise the eutectic 
points upon cooling. 

There are normal elements in malleable cast iron. 
Alloying metals will be used in time, but the amounts of 
other metals are small owing to melting difficulties and 
other troubles. Nickel is good in small amounts, giving 
finer structures and better wearing properties. Chromium 
is a hardener and reduces malleability, but the melting 
difficulties have not yet been overcome. Copper to some 
extent prevents corrosion, and does not interfere with the 
other properties. Aluminium is, of course, too expensive. 

It can be seen that all the elements are closely related 
to each other, and that they all must be properly balanced 
to suit each other in order that the best properties may be 
brought out. Carbon and silicon must be balanced to some 
extent, manganese and sulphur are intimately related, 
manganese and carbon, too, both from the chemical stand- 
point and also the physical and mechanical view. The 
constituents of the casting are very important, therefore 
chemical control is desirable. The black-heart makers 
have realised this, and when the white-heart founders act 
upon this also half their troubles will end. 


1 “ F.T.J.” No. 41, pp. 79-83. 

2 Carnegie Scholarship Mem, XV., 1926; I. and 8.1. 

3 “ Influence of Manganese on the Tensile Properties of Malleable Cast Iron ” (et. 
and Kisen), March 3, 1921. 

4“ Proc. 1.B.F.” 1927-28; vol, xxl, p. 586. 


(To be continued.) 
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ELECTRO-DEPOSITION CONVENTION 
AND EXHIBITION. 


THe rapid advance that has been made with the electro- 
deposition of metals was emphasised at the Northampton 
Polytechnic, Clerkenwell, recently, where an exhibition was 
held. This exhibition is claimed to be the first of its kind 
devoted entirely to the interests of the many phases of 
electro-deposition ever held in this country. Organised by 
the Electroplaters’ and Depositors’ Technical Society, for 
their annual convention, it illustrated the big developments 
that have taken place in the technique of electro-depositing 
metals. 

The decorative effect was largely represented by the 
newest metal which has recently become familiar—namely, 
chromium,—and several of its applications in industry 
were to be seen, particularly the industries devoted to 
automobiles and household and sanitary fittings. The 
exhibits of Messrs. W. Canning and Co., Ltd., Grauer and 
Weil, and J. Nixon and Co., illustrated the excellent type 
of chromium deposit it is possible to obtain to-day. Messrs. 
Matchless Motor Cycle Co. showed the bright parts of their 
product beautifully finished in this metal, while the 
meritorious exhibit of the King’s Cross and Attwood Plating 
Co. indicated how far the chromium plater has gone in 
solving the problem of the poor “ throwing power ” of the 
chromium-plating solution, one of their exhibits being a 
beautifully ornamented clock, every crevice of the intricate 
design of which had been entirely covered with chromium. 

Electro-plating for corrosion prevention was illustrated 
by exhibits of zinc, and the more recently adopted cadmium 
plating upon iron and steel parts. The Royal Aircraft 
establishment of Farnborough exhibited examples of zinc 
and cadmium plating upon aluminium. In this connection, 
the exhibit of Mr. Ulick R. Evans, the well-known expert on 
corrosion, was very interesting ; this consisted of deposited 
and other coatings upon iron after they had been submitted 
to corrosion tests. The Royal Aircraft Establishment also 
exhibited samples of aluminium to which the anodic process 
had been applied, together with specimens of the film 
of aluminium oxide, which had been separated, the thick- 
ness of which was as little as one eighty-thousandth of an 
inch: This exhibit illustrated in striking fashion the high 
degree of perfection it is possible to achieve in electro- 
deposition under scientifically controlled conditions. It is 
interesting that Dr. Mueller has exhibited foils ranging in 
thickness from 0-00002 to 0-001 mm., both polished and 
matte, and that in one exhibit it was possible to read 
printed type through six layers of the foil. 

In contrast to the thin deposits, one of the most interest- 
ing exhibits illustrated one of the newest and most valuable 
applications of electro-deposition. This consists in the 
repair of worn parts of machinery by “ building ” this up 
with electro-deposited metal and then machining or 
trimming down to the size required. This method of repair 
was first tried during the necessitous days of the war, and 
has since been greatly developed. Messrs. Thos. Try, Ltd., 
showed some examples of built-up engineering parts, in 
electro-deposited nickel as well as iron. Deposits as thick 
as }in. were shown, having a finely crystalline structure, 
and showing perfect adhesion to the base metal. Similar 
thick deposits were also shown by the Research Department 
of the Woolwich Arsenal, whose exhibit was probably the 
most comprehensive. 


Convention Address. 

In the course of his address to the Convention, Dr. 
Rosenhain said that often an industry based on a scientific 
discovery would progress until difficulties were encountered, 
when it would look for assistance from science, since such 
experiments as it made to overcome the trouble were carried 
out under difficult conditions, it being practically impossible 
to control factors on a large scale, involving the handling 
of large quantities and the interruption of production. 
Many industries would be quite prepared to support research 
work if they were assured that they could get what they 
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wanted. Co-operative effort between science and industry 
would make available better methods and better men, and 
result in a pooling of knowledge from which there was 
everything to gain and nothing to lose. 

In regard to electro-plating research, difficulties have 
been overcome by attacking them under simple and 
carefully controlled conditions—temperature, current 
density, voltage, addition agents added, and so forth, 
the work being done by trained men undistracted by 
production worries. As a result, such problems as _ pin- 
holing, adhesion, or the prevention of adhesion, stress, and 
the power of protection from corrosion had been success- 
fully tackled. He instanced the work which had been done 
under the auspices of the Electro-Deposition Committee 
of the Department of Scientific and Industrial Research 
e.g., the valuable results on pitting achieved by Woolwich, 
and the reduction in stress of nickel deposits by the use of 
superimposed alternating current and the deposition of a 
iayer of lead between the base metal and the nickel ; also, 
the prevention of corrosion by means of cadmium and zinc, 
and the deposition of chromium. We stressed the import- 
ance of co-operative research, in which industry should 
take its part. 

Discussion on Chromium Plating. 

A very interesting and prolonged discussion on * The 
Present Position of Chromium Plating” was held, and 
practical difficulties were discussed. 

Opening the discussion, Mr. G. E. Gardam said that 
while bright deposits could be obtained at cathode current 
densities of about 70 amps. per sq. ft., it was desirable for a 
number of reasons to use a current density of about 200 
amps. per sq. ft. To obtain a bright deposit at this current 
density the solution should be at a temperature of 50° C, 
It has also been shown that the nature of the cathode base 
metal influences the ease of deposition of chromium, and it 
was therefore desirable to coat articles which are to be 
chromium-plated with metals of high over-voltage, such 
as copper. Since decorative deposits of chromium were 
usually thin and porous, it was usual to plate articles 
with nickel rather than copper prior to chromium-plating, 
since this metal resists corrosion better than copper. 

Relatively concentrated solutions have become increas- 
ingly favoured, containing 500-600 grms. per litre of 
chromium acid with a suitable quantity of sulphuric acid. 
Bright deposits may be obtained at a much lower tempera- 
ture in such a solution, with consequent decrease in main- 
tenance cost. Further, a somewhat lower current density 
may be used to obtain bright deposits, and smaller generat- 
ing plant may therefore be required, while there are also 
lower evaporating losses, smaller proportionate changes in 
concentration due to deposited chromium, and there is 
perhaps a slightly wider range of current densities in which 
bright deposits may be obtained. The disadvantages are 
the greater capital outlay required for the concentrated 
solution, the greater loss entailed in the event of the 
solution becoming inoperable, the greater loss in spray and 
‘ drag-out ’’ loss, and the lower throwing power. 

A series of practical hints were given by Mr. D. Weill, 
who pointed out that copper as an underlying metal for 
chromium, although easily plated, was too soft, while its 
colour showed up badly where the chromium had not 
covered. Nickel had, therefore, been adopted as the 
standard undercoat. This nickel deposit must, however, 
be soft and free from stresses, and perfectly adherent. 
It should therefore be deposited from a warm solution 
(90—100° F.), containing single nickel salts at a pH of 
5-8 to 6. Half an hour’s deposit was sufficient. To over- 
come poor throwing power, great care should be taken to 
arrange the anodes in such a way that as far as possible 
equal current densities were distributed on all parts of 
the article plated. Small strips of lead sheet, lead wire, and 
also iron wire, shaped to the contour of the article and con- 
nected to the anode rod, served for plating in recesses. 

These and other practical points provoked a_ lively 
subsequent discussion. 
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Future Developments of 


Die-Casting 
By D. Richards. 


Pressure Die-Casting at present is limited to Low Temperature Metals and Alloys. In the 
near future, it is suggested, the process will be applied to Brass, Gunmetal, Aluminium, 
and probably Copper. 


THE two processes in general use—i.e., pressure and 
gravity—-were dealt with in a previous article on die- 
casting limitations, both from the die-casters’ and users’ 
standpoint. Owing to certain of the drawbacks referred to, 
manufacturers and production engineers have shown a 
great desire to know when the die-casters would be in a 
position to let them have their components in brass, instead 
of zine alloy. In many instances it has not been a question 
of strength, but of colour. Some have gone so far as to ask 
if something could be done to make the metal the same 
colour as yellow brass, because of their customers’ objection, 
often due to prejudice, to the colour of the zine alloys, 
which are also known as white brass. The principal 
objection to the zinc alloys has been the very low tensile 
strength and almost entire absence of yield in most of the 
alloys ; this objection, however, being somewhat overcome 
by the use of a new alloy of a more ductile nature and greater 
tensile strength, reacting as high as 18 to 20 tons per square 
inch. The manufacturers, however, are chiefly concerned 
about a better material, and also for more efficient and 
economical methods of production in the yellow metals. 
The die-casters, having been aware of the drawbacks and 
also their customers’ views, have been doing their best 
to improve their methods so as to meet their customers’ 
requirements, as will be explained. The result of their 
efforts will no doubt prove of great interest to those 
concerned. 
Fine Limits Guaranteed. 

In view of the fact that pressure die-castings can be 
guaranteed to very fine limits, and consequently inter- 
changeability relied upon, established firms and new com- 
panies organising the production of a new invention or 
speciality can avoid considerable capital expenditure in 
the way of power, floor-space, machinery, tools, fixtures, 
labour, supervision and overhead charges by the use of 
pressure die-castings where it is possible to do so. If 
pressure die-castings are decided upon, care must be taken 
in the design of the components to ensure their adaptability 
to the die-casting process. Expert advice on this point 
is willingly given by the die-casters, or, as an independent 
source, by consulting engineers with expert knowledge. At 
present, owing to the pressure process being limited to 
the lower temperature melting point white alloys, its utility 
is restricted to such products as are not subjected to severe 
shock or stresses. 

Bearing in mind the almost universal desire on the part 
of the manufacturers to replace the zine alloy pressure 
die-castings with a more suitable alloy, further important 
and valuable developments of the pressure process have 
been taking place over a considerable period, and a new 
process has been evolved. In the near future pressure 
die-castings in brass, gunmetal, aluminium bronze, and 
probably copper, will be obtainable with approximately 
the same degree of accuracy and surface finish as is obtain- 
able in the white alloys. As at present with the white 
alloys, complete mechanisms ready for assembly, with the 
exception of small diameter holes and threads, will be 
produced with all the advantages of a higher tensile yellow 
metal. 

One very important feature of this new process is the 
probable elimination of porosity, the most prejudicial 
factor when considering the adoption of pressure die- 
castings. Due to this same feature, the occlusion of gases 
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will be reduced to an absolute minimum, and combined 
with efficient venting of the dies perfect homogeneity, with 
very few exceptions, may be looked forward to by users 
with confidence. 

Pressure die-castings of plain and intricate form up to 
3 lb. or 4 lb. in weight may be made. With the fine limits 
of accuracy to which these castings can be made, perfectly 
running gear-wheels direct from the dies in most of the 
yellow metals is a possibility. Such gear-wheels have been 
made under pressure in large quantities in zine alloys, and 
have given every satisfaction for the purpose for which 
they are used. 

Improvements from Research. 

The zine alloys, which proved so disastrous to manu- 
facturers in the early days of the pressure process, have 
been, after much research work during the last few years, 
greatly improved in their composition and_ reliability. 
Although they have been so helpful in reducing production 
costs, and also in bringing within range of commercial suc- 
cess many propositions otherwise considered impossible, 
it is probable that, owing to their general brittleness and 
colour, and the small difference in the cost of the raw 
materials as compared with common brass, they will 
gradually disappear from the category of die-casting alloys 
in favour of the yellow alloys. 

Pressure die-castings in the common brasses will prove 
a great advance on hot brass pressings, due to the greater 
detail obtainable, which will obviate most of the machining 
operations necessary to make them ready for use, and also 
the great waste of metal. The die-castings will also be 
fashless, which is a great advantage as compared with hot 
pressings, as the flashed condition of the hot pressing does 
not tend toward consistent accuracy. There are many 
instances where solid brass pressings are reduced in weight 
by 50°, or more by machining operations, the finished 
components being mere shells. The particular components 
referred to could be die-cast by the new process in the 
same metals, finished and ready for use, with the exception 
of a reaming operation. 

The application of brass pressure die-castings will extend 
in such directions that up to now would have been con- 
sidered impossible. It will fulfil such conditions when it is 
undesirable to use zine alloys, and also when the gravity 
process in yellow metals is not considered sufficiently 
economical to justify their use. It is needless to mention 
any class of production as being most suited to the process 
because any form of casting, for any purpose that can be 
die-cast, will come within the scope of the new process, 

Large quantities will be necessary in order to justify the 
making of the dies, which will be more costly than in the 
case of the dies for the white alloys, owing to the fact that 
more expensive heat-resisting materials will have to be 
used in their construction, in order to procure the longest 
possible service. Large quantities should be available in 
many branches of engineering where mass production is 
already being carried on; and also many lines which have 
been suggested for the gravity process, but have been 
considered too costly, will now become commercially sound 
propositions. 

Pressure die-castings in aluminium bronze acid-resisting 
alloys, in view of their excellent non-corrosive and physical 
properties, should be of particular interest to the chemical, 
artificial-silk, and dyeing trades. The sea-water resisting 
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alloys should be of interest to makers of ships, yacht, and 
outboard motor-boat fittings, engines and propellers, and 
also seaplane and aeroplane parts. Brass and gunmetal 
pressure die-castings could be adopted for railway carriage 
fittings with advantage. The motor trade will no doubt 
avail itself of the advantages to be had in the way of 
reducing the cost of production. The non-corrosive alu- 
minium bronze alloys, owing to their great strength, could 
be advantageously used on the chassis. and thereby avoid 
a considerable amount of trouble and waste of time caused 
by rust. The easy removal of nuts and bolts, for instance, 
would be very much appreciated by those who have the 
job to do. The physical properties of the metal as ascer- 
tained from a gravity die-cast test-bar are as follows : 
Tensile, 35 tons per square inch; yield, 15 tons; elonga- 
tion, 15%, on 2in. Another alloy gave : Tensile. 44) tons 
per square inch ; yield, 18} tons; elongation, 20°, on 2 in. 
The yield can be varied to meet most requirements. 

It will be seen by the above tests that the tensile strength 
of the metal is equal to gun steel in the first instance, and 
axle steel in the instance, thus leaving a very 
large factor of safety as compared with the more commonly 
used steels. It will be further appreciated that no dis- 
advantage would be experienced from the strength point 
of view by the use of die-castings in these alloys. Several 
steel parts have already been replaced with aluminium 
bronze on several makes of cars, and the cost as compared 
with steel drop forgings, when the cost of machining is 
allowed for, is no greater, but often much less. Selector 
forks for the speed change-gears is a general example of the 
use of aluminium bronze in place of steel. Quite a large 
number of motor-car and lorry components are made by 
the gravity die-casting process in these alloys, and, success- 
ful as they have been, further improvements will be effected 
by the pressure process, both in surface finish and accuracy. 
Motor-car door handles of plain or fancy pattern can be 
made in brass, with the square steel stem cast in position, 
and also door hinges with the steel peg cast in ready for 
fitting on the doors after plating. Practically all the body 
fitments could be economically produced by this process. 
The aggregate saving by the use of pressure die-castings in 
the yellow metals for all possible parts of a car would, when 
the saving in the machinery operations, handling, etc., 
have been allowed for, be considerable. 


second 


Possibilities Increasing. 

Up to the present time steam, gas and water fittings 
have not come within the scope of the pressure die-casting 
process, owing to the alloys being unsuitable. They should 
now be produced economically in view of the practical 
elimination of machining operations, and particularly in 
the case of the polished fittings, the surface finish of the 
will be such that very little more than buffing 
will be necessary. Straight-line pipe fittings for thread 
or flanged, such as unions, cocks, 
lavatory and bath fittings, can now be pressure die-cast 
in brass—for instance, a straight-through cock and taper 
plug could be made to such fine limits that only the grinding- 
in of the taper plug should be necessary apart from the 
threading. Such fittings as water-taps are not applicable 
unless especially designed for the process. 

Pressure die-cast brush-boxes for motors and dynamos 
will be made, as desired, in brass or aluminium bronze, 
with the box portion for the carbon brush, to such fine 
limits that they will be ready straight from the dies, with 
the exception of very small holes for assembly. Many 
electrical components for such as wireless, telephone, and 
telegraphy could also be made to the same degree of accuracy 
and interchangeability, with appreciable saving in cost. 

Metal casement window fittings, of which many thousands 
are used, present a very wide field of application to the 
new process. Many thousands of these parts, which were 
formerly made in malleable cast iron, are now being made 
in aluminium bronze by the gravity die-casting process, 
and many thousands more are being made in brass by the 
hot-pressing process. The aluminium bronze components 
ere by far the better of the two, owing to the great strength 
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of the metal and its non-corrosive properties, and also 
absence of machining operations. The hot-pressed com- 
ponents, although cheaper, leave many undesirable machin- 
ing operations to be carried out to prepare them for 
assembly, thereby involving the cost of expensive jigs and 
the running cost of machinery and cost 
of labour. These fittings can now be pressure die-cast in 
the same metals, and, in nearly all cases, ready for assem- 
bly as they leave the dies, all parts being interchangeable. 

Makers of prepayment mechanisms of all descriptions 
should find in this process a very effective means of reducing 
cost of production. Instrument-makers may forget their 
reasonable prejudices created by their early experiences 
of pressure die-casting, and adapt the use of the better 
metals to their products. Many other lines where pressure 
die-castings could be used with advantage could be men- 
tioned, but manufacturers will recognise the possibilities 
of the new process and avail themselves of it. 
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Heat-Resisting Materials Necessary. 

There is one important factor peculiar to the new process 
which makes the matter of suitable materials for the dies a 
less serious obstacle than might have been anticipated. 
The materials must, however, be of a very high heat- 
resisting nature, to ensure the longest possible life. Chro- 
mium plating of the dies and cores has been suggested, with 
the idea of providing a greater protection to the surface 
of the steel. This idea has been tried out for the yellow 
metals with very disappointing results. Owing to very rapid 
attack at the point where the metal first strikes on entering 
the die, the plating is very quickly burnt through, thereby 
affording very little protection to the steel itself, if any. 
This drawback will be very much exaggerated where steel 
is used for the pressure process, owing to the velocity at 
which the metal in the molten state is forced into the dies. 

The future development of aluminium die-casting will 
probably be in the direction of increase in the size and 
weight of pressure die-castings. Very little can be done 
in this direction with the present facilities and pressure 
medium in use. Experiments along lines other than with 
compressed air as the medium for forcing the metal into 
the dies could be carried out, and the solution should be 
found whereby pressure die-castings in these alloys of much 
larger dimensions and of a more homogeneous nature than 
can at present be produced. 

The tendency, particularly in the motor, is to avoid sand 
castings as far as possible, owing to irregularities and 
difference in size of the castings, which often means extra 
machining operations before they can be accommodated in 
the machining fixtures. With a view to overcoming these 
difficulties, and also further to save machining costs, larger 
gravity die-castings are being made as time goes on. In 
view of the rapid progress being made in the die-casting 
industry and with those responsible being always on the 
alert for new ideas, improvements and extension of the 
processes, we may yet see these larger die-castings being 
produced by a pressure process of suitable capacity and 
improved means of introducing the metal into the dies. 

The advent of pressure die-castings in the high-tempera- 
ture melting point non-ferrous alloys will no doubt prove a 
stepping-stone to further developments of the die-casting 
processes. In fact, engineers should not be surprised to 
find that it will be possible to obtain die-castings in the 
higher grade crucible steels. Research and experiments in 
this direction have been going on for some considerable 
time, with anything but indifferent results, and may appear 
as a commercial proposition in many forms at any time. 

Great heat-resisting materials are essential to all further 
progress of the pressure process. We have the power and 
cheap melting mediums—.e., oil fuel for the smaller fur- 
naces, and pulverised coal for bulk melting, and good 
refractories for the furnace linings. Given higher heat- 
resisting materials for the dies and certain parts of the 
machine with which the metal comes into direct contact, 
the pressure die-casting processes will yet revolutionise 
production, as, with these better materials, there should 
be no limit to the possibilities and future development. 
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Electric Furnaces for Bright Annealing 

(Grunewald System). 
SPECIFICATIONS of engineering materials and metallurgical 
products are progressively becoming more stringent and 
exacting. Products of precise composition are required, 
accurately heat-treated to produce the desired physical 
characteristics, and with a finish which will pass the most 
careful and minute examination. The bright annealing of 
metals is consequently of greater interest and importance 
to-day than ever before. It is in many cases essential if the 
product is to possess the required physical properties and 
finish. 

Many and very varied attempts at bright annealing 
have been made. These have consisted essentially of various 
expedients for the exclusion of atmospheric oxygen from 
the heated material. The two principal methods adopted 
have been the use of pots or covers, and the introduction 
of an inert gas to envelope the charge. The use of pots or 
covers is very expensive, owing to the high ratio of weight 
of pots or covers to the weight of the charge. 

The introduction of inert gas is both expensive and 
inconvenient. As the result of considerable experience it 
has been established that, providing the material is heated 
in a closed chamber, bright annealing can be achieved by 
providing protection against oxidation during the cooling 
period only. This, however, must be done thoroughly if it 
is to be effective. The Grunewald method of bright 
annealing in Magnet electric furnaces is claimed to have 
achieved the desired result in a very simple, practical, and 
economical manner. 

The Process. 

The following description of the process applies to the 
bright annealing of coils of wire and strip, the process being 
carried out in a standard magnet vertical cvlindrical furnace. 

The coils to be annealed are placed on a_base-plate, 
the height of the stack being determined by the internal 
depth of the annealing pot and of the furnace. The 
annealing pot cover is then lowered over the stack of coils 
and the suspension rods which suspend from it are attached 
to the base-plate. The whole is then lowered into the pot 
and tightly clamped together. The pot is placed into the 
furnace, which is effectively sealed at the top by means 
of a rubber ring. This ring is cooled by water, which 
circulates in a narrow groove, and it is found, in practice, 
that it can be used for long periods without deterioration. 

As the pot and its contents are heated, a considerable 
portion of the air is expelled through a valve. This is not 
only due to expansion, but also to the vaporising of oil 
and grease which has adhered to the charge. There can 
thus, it is suggested, be ho atmospheric oxvgen present 
in the pot when the charge reaches the temperature at 
which oxidisation is possible. The internal pressure pro- 
gressively decreases as the temperature rises, until towards 
the end of the heating operation it has become so slight 
as to permit the valve to close automatically. As a pre- 
cautionary measure, the valve may be screwed down 
firmly so as to preclude all possibility of the admission 
of air from without. 

When the charge is heated uniformly throughout, the 
pot is removed from the furnace and transferred to a contra- 
flow recuperating trench, where, whilst cooling, it assists 
in pre-heating other pots prior to their entering the electric 
furnace. The sealing device and valve prevent any leakage 
of air into the pot during the cooling period, and conse- 
quently the charge actually cools in a partial vacuum. 
When sufficiently cool, the pot is taken from the trench, 
and the charge lifted from the pot on its base-plate. relieving 
the cover and its suspension rods to be attached to another 
loaded base-plate. 

It is claimed for this type of furnace that the heat is 
applied uniformly to all parts of the charge, and the 
temperature can be adjusted and controlled with such 
precision as to enable any predetermined heat-treatment 
programme to be carried out under ordinary shop conditions 
with the accuracy of the laboratory. 
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Instruction Pays in Improved Furnace 
Effiiciency. 

Changing the melting medium from gas to oil is not an 
undertaking to be regarded lightly when it concerns a steel 
plant of considerable output. From an engineering standpoint 
such a change is not without difficulty, but from an operating 
point of view there is a likelihood of much trouble, especially 
if none of the operators has had experience with oil fuel. 
The short, sharp flame in the control of an inexperienced 
operator can easily melt down furnace parts and cause greater 
expense in refractories than an anticipated saving in fuel. 
The Lukens Steel Co., of America, having made careful 
estimates respecting the cost of various kinds of fuel, decided 
to cease using gas and make use of heavy oil available. The 
plant consists of 18 basic open-hearth furnaces, with a total 
rated capacity of 1,350 and six smaller acid-lined 
furnaces with a total rated capacity of 240 tons. Previous to 
the change 52 stationary producers had been used to produce 
the gas for firing the furnaces. To avoid difficulties inseparable 
from such a change, the management approved of a proposal 
to institute a training course for open-hearth operators. The 
principal work of preparation consisted of building a scale 
model of a furnace with blocks, chambers, flues, and valves. 
The roofs of furnace and chambers being made removable 
displayed the interior shape, construction of hearth and 
checkers. One end of the model was constructed to illustrate 
the prevailing conditions with gas as the fuel, and the other 
end represented the way the new fuel would be used. The 
blocks were sectionalised to show the relationship of the ports, 
downtakes, and slag pockets. With the aid of this model a 
series of four lessons were given by the superintendent and 
the fuel engineer, on the following lines : 


tons, 


Lesson I.--FURNACE CONSTRUCTION, 
l. Furnace backstays and bindings. 
. Construction of hearth ; importance of tap hole. 


Roof. 
5. Blocks ; 


6. Rearrangement ot 


» 
3. Walls and doors. 
4 

5 bulkheads, ports (gas vs. oil), slag pockets. 
downtakes for oil firing. 

size, construction, 


7. Regenerators ; tunction, 


8. Flues and valves. 


Lesson IL. FurRNACE OPERATION. 


1. Starting a cold furnace. 

2. Making 

3. Duties of first and second helpers. 
4 


. Qualifications of first-class meliter foreman, first helper, second 


bottom. 


helper. 
5. Repair of furnace between heats. 
6. Order of charging. 
7. Working period. 
8. Judgment of te mperature,. 
9% Tapping the heat. 
Lesson ILl. MakING THE Most oF STEEL WITH THE LEAST 
FUEL. 


1. Low fuel efliciencyv of the open hearth process. 
(a) improving quality of fuel; (6) 


2. Improving etfliciency by 
(c) burning fuel completely 


increasing furnace output ; 
and cutting down stack temperature. 
3. Discussion of principles of combustion. 
4. Nature of producer gas and fuel oil. 
5. Atomizing fuel oil. 
6. Factors for success in use of fuel oil. 
(a) Cleanliness ; 


7. Influence of checkers : (6) period of reversal. 


Lesson IV.—-REacTIONS AND TEMPERATURE. 
. Oxidation during melting stage. 

Slag formation with lime, magnesia, and silica. 
Manganese and sulphur. 

Fixing phosphorus in the slag. 

. Ore and boil. 

6. Carbon elimination and 
addition ; 


linne 


Cr de 6S OS me 


on slag. 
recoy ery ° 


its effect 


7. Function ot efficiency or 


The melting foremen and first and second helpers for the 
entire plant attended in their own time. The instruction 
extended over a period of 12 weeks, due to shift rotation, 
which necessitated the instruction being repeated three times. 

Gratifying results have been secured. The principal object 
has been achieved, in that the change from gas fuel at 2 in. 
pressure to oil at 100 lb. pressure has been made without 
difficulty of any sort. The whole operation of the department 
had a different tone ; minor troubles were less frequent, the 
average time per heat was materially less, the consumption of 
ore and pig iron at the finish was cut down, and the main- 


tenance charges lowered. 
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Reviews of Current Literature 
INDUSTRIAL FURNACE TECHNIQUE, 


It is only during the last twenty years or so that con- 
siderable attention has been directed to the need for the 
careful design of industrial furnaces. Previously their 
construction depended upon practical information obtained 
as a result of experience conveyed to those responsible 
for building a furnace. Scientific calculations did not 
enter into the problem, furnaces being largely evolved as a 
result of trial and error. In these days of small profits, 
when every care must be exercised to prevent unprofitable 
expenditure on some structural work that may simply 
represent wasted time, energy and material, it is very 
necessary to arrive at a definite scientific conclusion, aided 
by experimental work, before the expense is incurred in 
making the final structure. It is from works such as Mr. 
Hermansen’s that much assistance can be obtained in 
designing furnaces. All such structures he places on a 
scientific basis in an effort to limit the possibilities of 
failure from any cause. It has been the lifelong purpose 
of the author to develop the mathematical and physical 
theory of the furnace in order to raise the standard of 
furnace design to a scientific plane. As a designer and 
manufacturer of industrial furnaces he has a world-wide 
reputation, and consequently his work is mainly a result 
of his own personal experience, which has_ involved 
specialised study. 

The book is concerned primarily with the theory of 
furnace design, but only in order that the practical results 
will register a high efficiency. There can be no doubt 
that the development in designing furnaces—formerly 
based merely on empirical foundations—on a more scientific 
basis has resulted in greater economy and more accurate 
control of heat. 

Following a very interesting introductory chapter, in 
which the author gives historical associations in the theory 
of heat and the means employed for measuring it, chapters 
are given to the consideration of temperature and heat 
quantity or specific heat respectively. These serve as a 
preliminary to the consideration of combustion and the 
calorific value as a result of combustion, and form a basis 
for the better absorption of the theory imparted. Excluding 
the electric furnace, which, by the way, is not referred to 
in this book, the only way of producing heat for furnaces is 
by combustion. The heat is dependent upon the active 
constituents of the fuel, which are carbon, hydrogen, and 
their compounds. These in combination with oxygen, to 
give complete combustion, give a quantity of heat, 
defined as calorific value, which can be expressed in 
recognised units. The production of high temperatures 
from the combustion of various fuels is considered, and 
much attention is given to Orsat’s apparatus for measuring 
correctly the surplus air. A brief chapter is devoted to the 
three classes of fuels—viz., solid, liquid, and gaseous : 
this could have been extended profitably, although further 
reference is made in a succeeding chapter. 

Carbonisation and producer gas each have chapters 
allocated to them, the former being somewhat briefly 
considered. The transmission of heat and the importance 
of the time of its transmission are carefully dealt with 
mathematically, and supported by useful tables and 
graphs. Sections dealing with the movement of gases and 
resistance offered under various conditions, together with 
the measurement of pressure and velocity and the means 
of creating draught are embraced in a special chapter. 

The practical side of the question commences with 
Chapter XI., and is continued for about 125 pages, and 
consideration is given to almost all types of furnace con- 
structions in a general way. Very comprehensive infor- 
mation is supplied on recuperators and regenerators, which 
is supported by mathematical caleulations. The gas and 
draught openings in furnaces, of very practical importance 
in design, are especially covered in the text, as also are the 
working chambers of furnaces. In his reference to the 
blast furnace the author refers to the enormous size of the 
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furnace to yield 125 to 145 tons of pig iron per day. This 
must be in comparison with other types of furnaces, and 
not with other blast furnaces, many of which would 
dwarf the furnace referred to in the text. Concluding 
chapters on starting and attending to the furnace, and a 
consideration of the heat balance, terminate a very thought- 
provoking work. 

The correct dimensioning of furnaces is a factor in their 
production upon which their efficiency depends, and this 
book presents a fundamental basis for such laws as govern 
their production and contains many formulas of a practical 
character from which details of furnaces can be calculated. 
Works of this kind are somewhat rare, and this one will, 
undoubtedly, be studied by students and engineers who 
contemplate or who are already associated with the building 
or working of furnaces. 

By A. Hermansen, Civil Engineer. 
Benn, Ltd., Bouverie House, E.C. 4. 


Publishers : Ernest 
Price, 25s, net. 


CHEMICAL PLUMBING 
AND LEAD BURNING. 


Lead burning—or, to give it a more modern name, auto- 
genous welding of lead-——-dates back many centuries. 
Originally, joints were made between pipes by pouring 
fluid metal on the prepared butt junction of the pipes, a 
core of sand being used to act as a base. Mr. Partington 
traces the different processes from the original methods to 
the use of air and hydrogen, oxygen and hydrogen, oxygen 
and coal gas, air and acetylene, and oxygen and acetylene. 
The book contains very useful and practical information 
not only in regard to the various processes of lead burning, 
but in the making of seams and joints on sheet lead and 
pipe-jointing. A chapter is allocated to the application of 
lead burning to chemical plant maintenance and repairs, 
in addition to its use in external plumber’s work, sanitary 
and domestic. This book is well illustrated, and should 
prove of considerable value to those associated with 
plumbing work of any kind. By E. B. Partington, R.P., 
A.R.S.1. Published by Allen-Liversidge, Ltd., Victoria 
Station House, Westminster, S.W. 1. Price 3s. 6d. 


A HANDBOOK FOR ACETYLENE WELDERS. 

This handbook has been compiled as a book of reference 
and instruction for all engaged in oxy-acetylene welding 
operations. It sets out data and information such as should 
enable a welder to perform good work and to avoid the 
mistakes made by beginners. Mr. Fox, the author, has 
been connected with all systems of autogenous welding 
since its inception in this country, and is well qualified 
to give information of a valuable character on a very wide 
basis of application. It is the second edition, which explains 
in some measure the manner in which the first edition was 
received. The information is sectionalised, and deals with 
various forms of equipment and the purposes for which 
it is most suitable. Illustrations assist the text and are 
well produced, and, together with the valuable information 
it contains, it forms a very practical handbook. 

By Leonard M. Fox, M.I.M.E. Published by Allen- 
Liversidge, Ltd., Victoria Station House, Westminster, 
S.W. 1. Price 3s. 6d. 


“MECHANICAL WORLD” YEAR BOOK. 

In accordance with previous issues, the 1930 edition of 
this useful handbook provides information of considerable 
value to the busy engineer. Formulas are given which 
facilitate calculation, together with data on almost every 
section of the engineering industry. The sections on steam 
engines, steam turbines, condensers, and rope driving 
have been revised and rewritten ; additional tables have 
been incorporated, and the contents rearranged. The 
familiar features have been retained in order to assist the 
reader by reducing lengthy calculations associated with 
the design of power plant, and by giving information and 
data, in a concise form, on workshop practice. Published 
by Emmott and Co., Ltd., 65, King Street, Manchester, 
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Some Recent Inventions. 
REVERBERATORY FURNACES. 


Tue illustrations Figs. 1, 2, and 3 represent a furnace more 
particularly adapted for the heating of bars and plates in 
the manufacture of sheet metal. It comprises a fireplace A, 
situated between two high temperature heating chambers 
B B, from which the gases pass to two lower temperature 
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heated in the furnace crown, is led through pipes to the 
ash-pit. 
319,300. J. SuMMERS AND Sons, Lrp., and C. BoTToMLEy, 
Patentees. Howard Cheetham, Agent, Manchester. 
April 20, 1929. 


ARC-WELDING ELECTRODES. 


In order to avoid the unnecessary use of a large quantity 
of metal when welding or soldering alloy 
steels, a special type of metallic electrode 





Fig. 2. 
iz \—- Le 


has been devised. It consists of a core 
of mild or alloy steel provided with a flux 
coating containing an alloy in powdered 
form, comprising two or more of the non- 
ferrous metals required to be alloyed with 
the core for the production of the alloy 














steel. 
The powdered alloys may consist of 25 

















SECTION ON OD (} 





parts of nickel, together with 75 parts 
( } either of chromium or tungsten or molyb- 
denum, or of 75 parts of chromium 
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chambers CC. In addition, provision is made for an air 
passage by means of a shaft about midway in the width 
of the furnace, with an outlet for the supply of secondary 
air. This is advantageously pre-heated, so that products 
of combustion may be directed for efficient heating in their 
passage from the fireplace to the heating chambers. In the 
illustrations the fireplace is adapted for the use of solid 
fuel, but it may be modified and constructed for the use 
of liquid, gaseous, or powdered fuel. The combustion 
chamber is provided with grate-bars, and the openings 
through which the fuel is charged are fitted with doors, 
which are not shown in the illustrations. 


On each side of the combustion chamber a wall is pro- 
vided over which the heating products of combustion are 
made to flow, in a manner similar to the flame in a rever- 
beratory furnace, so that it comes into direct contact with 
bars in the heating chambers on either side of the fireplace. 
The heating chambers BB are provided with charging 
doors for inserting and withdrawing bars. Each chamber 
is fitted with baffle-plates to minimise the interference with 
the heating of bars in one chamber when the charging door 
of the other is opened. 


At the rear of the furnace the two plate chambers CC 
are located. These have greater width than the bar 
chambers; the increase in size due to the conversion 
of the bars into plates is thus accommodated. The loss of 
heat by radiation or convection from the walls of the 
combustion chamber is minimised by the symmetrical 
disposition of the bar chambers at its sides. 

The passage for hot gases from the bar chambers to the 
plate chambers is shown in Fig. 2. It will be noted they 
are designed to direct the gases, so that they do not impinge 
upon the plates. A series of ports are arranged along the 
bottom of the plate chambers to provide outlets for the 
gases into a main flue as indicated. 

The furnace crown is made hollow, and the cavity is 
supplied with air by means of a fan or blower, which, being 





together with 25 parts either of tungsten 
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or molybdenum or of 20 parts of nickel, 

50 parts of chromium and 30 parts of iron, 

or of 20 parts of nickel, 10 parts of 
molybdenum, and 70 parts of chromium. 


If more of the added metal is required 
the core may consist of an alloy steel con- 
taining a proportion of the non-ferrous 
metals—e.g., 5 to 20% of chromium and 
up to 10% of nickel, while the coating may 
contain a powdered nickel chromium alloy 
in which the chromium is in the pro- 
portion of three or four times the lower 
percentage of that in the core. An electrode 
for depositing an austenitic stainless 
steel may have a mild steel core which may 
be coated with nickel, and is then wound with asbestos yarn 
in open spirals, and a coating composition containing the 
flux, and powdered nickel chromium alloy extruded on the 
core. The composition may consist of one part of a flux 
comprising equal parts of fluorspar and calcium carbonate, 
and two parts of a powdered alloy of one part of nickel and 
three parts of chromium, made into a paste with sodium 
silicate solution. 

320,596. Are-welding Electrodes. ALLOY WELDING 
Processes, Lrp., and CLarKE, E. J., 14, Cockspur 
Street, Charing Cross, London, March 13, 1929. 


Fig. 3. 


AUTOMATIC DEVICE TO PREVENT RAILWAY 
ACCIDENTS. 


An automatic device which is claimed to be a complete 
safeguard against approaching trains, either on the main 
lines or sidings, has been evolved by Mr. Edward N. Weighill. 
The main points of the invention are these : 

When an engine is passing a signal at danger the device 
first of all warns the driver that the signal is against him, and 
at the same time shuts off the steam. If the driver, from any 
unforeseen circumstances, fails to apply at once the brakes 
the device itself automatically applies the Westinghouse brake. 
In the event of the first signal of the section being at the 
‘* off position—that is for the train to proceed,—as soon as 
the whole of the train has passed the signal it is automatically 
put at ‘ danger,” making it impossible for another train to 
follow until the first has cleared its section. If the signal is 
at the “ off*’ on the main line within a distance of a siding 
or branch line, the device makes it impossible for a train to 
enter the main line from a siding or branch line while there is a 
train approaching the siding from either direction. 

The dimensions of the invention are 14}in. x 4in. Xx 4in., 
and it is operated in connection with the existing signalling 
system. The mechanism is not complicated, and it is said 
that in the event of the device being brought into use the 
pulling of a lever will put it into normal action again. The 
object of this device is to give automatic warning of danger 
on the railways, and thus prevent disasters and loss of life. 
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COPPER-ALUMINIUM ALLOYS. 
COPPER-ALUMINIUM alloys containiug 87—93°, of copper 
and 3-9°% of aluminium contain also iron and silicon, for 
example, about 1-3°%, of iron and 1-25-2-5° 
with or without a small amount of manganese. The 
alloys may be made by melting the copper, aluminium, and 
silicon together, and adding the iron in the form of cast-iron 
powder or as ferro-silicon, ferro-manganese, ferro-titanium, 
ferro-boron, or ferro-silicon-zirconium. The melting may 
be effected in the presence of fluorides, such as sodium 
silicon fluoride ; or the iron powder or iron alloy may be 
introduced as a mixture with fluorides and aluminium 
powder. 

318,802. A. Pacz, 1,677, Collamer Street, Cleveland, 
Ohio, U.S.A. November 29, 1928 


of silicon, 


NEW METHOD FOR CASTING INGOTS. 
THE variety of ingot moulds devised to secure the best 
results from ingots cast in them is considerable. A depar- 
ture from orthodox practice is indicated in the illustrations 
Figs. 1, 2, and 3, which show an ingot mould of the usual 
tapered shape, and with a separate base. The mould is 
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supported over a pit, and over it is located a special casing 
A, which is provided with slots at the bottom and is left 
open at the top, which terminates at a height a little more 
than half the height of the mould. Another casing or hood 
B is located on top of the mould. This hood is so formed 
that air has access through channels arranged on the under- 
side and about the mould and between the top of the 
mould and the hood. 

In operation the metal is cast in the mould in the usual 
way, the casing surrounding the mould. When the metal 
has been cast the hood is placed in position over the mould. 
Air is forced along the pit and rises between the mould 
and the casing. Cold air is used, and passing round the 
lower portion of the mould will have a cooling influence 
on the metal. Air will also be drawn through the slots in the 
side of the casing, and together with the air blown through 
the casing will pass out at the top. The heat from the top 
of the metal will be conserved by the hood and will pass 
out through the openings at the bottom as indicated in 
Figs, | and 2. The openings at the bottom of the hood 
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are so arranged to enable the hot gases to circulate 
about the corners of the mould, and so reduce the rapidity 
at which the metal cools normally at the corners. 

It is claimed for this device that impurities rising in the 
metal will have a better chance to reach the surface than 
in the usual form of ingot mould, due to the better cooling 
effect obtained. Piping is not so pronounced, and conse- 
quently the ingot is much improved, a much less amount 
being required to be discarded than is customary. 

Many variations of this principle are suggested, but a brief 
reference to show the application of one will suffice. In 
this case the moulds are mounted on a truck, and after 
receiving the metal are moved through a tunnel, which has 
a large cross-sectional area at the bottom to facilitate 
cooling, but has an enclosed chamber at the top to confine 
the hot gases and so retard solidification of the ingot at the 
top. 

320,600. E.W. Wasnsurn, of U.S.A., Patentee. Messrs. 

Abel and Imray, Agents, 30, Southampton Buildings, 
W.C. 2. October 15, 1929. 


REFRACTORY CRUCIBLES. 

RELATES to the manufacture of crucibles of the kind con- 
sisting of graphite, with or without silicon carbide, and a 
clay, ceramic or carbonaceous bond, and consists in adding 
titaniferous material to the composition, or in applying 
such material to the moulded article, so that the crucible 
can be fired at vitrification temperatures, whereby a 
crystalline structure and a glazed surface are produced, 
Suitable titaniferous materials are titanium dioxide, 
rutile, titanium silicate, and titanium aluminate. In an 
example, a composition comprising from 30 to 60°, flaked 
graphite, 17°), finely powdered silicon carbide, 30 to 45%, 
ball clay, and | to 5°, titanium dioxide is moulded into 
crucible form and fired to a temperature between Seger 
cones 5 and 10. 

322.476. C. J. BrockBank, Palace Chambers, Bridge 

Street, London. September 3, 1928. 


INVESTIGATIONS ON ABRASION OF METAL 
DIES. 

Ir has long been known that china-clay has considerable 
abrasive influence when flowing through dies. It wears 
the liners rapidly, and makes frequent renewals necessary. 
It is recognised that different metals and alloys have 
varying degrees of resistance to the abrasion of china clay, 
but no data appear to be available which show the 
relative wear values of different metals, such as is experi- 
enced in the metals for lining dies. Investigations in 
progress and undertaken at the request of the U.S.A. 
Government are seeking to define the most resistant 
metals or alloys for this work. The research work includes 
tests on different kinds of cast iron, steel, and bronze. 
The result of investigations, which are as yet incomplete, 
indicates that ten tests have been made with different 
cast-iron dies, and 44 with carbon-chrome steel alloy dies. 
In each case the weight loss for a definite volume of clay 
extruded was determined. A very small decrease in water 
content of the clay made a very marked increase in the 
pressure necessary to extrude the clay at a definite rate, 
and the abrasive loss of the die increased with the 
extrusion pressure. The data obtained from 54 tests 
indicate that the relation between extrusion pressure and 
abrasion loss of metal was a straight-line function, 

” 

according to the equation vw C, in which P is the 
extrusion pressure, W the loss of metal in weight, S the 
specific gravity of the metal, and Ca constant characteristic 
of the wearing qualities of the metal. Metals of highest 
resistance to abrasion will give the highest C values. The 
value of C for the cast-iron die, as compared with that of 
the carbon-chrome alloy steel die, was in the ratio of 1 to 
10-116, which indicates that clay can be extruded from 
the carbon-chrome alloy steel die ten times longer than 
from a cast-iron die for equal wear. 
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Business Notes and News 


Steel Trade Arrangement. 


AN important working arrangement has been agreed upon, in 
which Messrs. Colville and Sons, Ltd., have taken over com- 
pletely Messrs. Beardmore’s business in plates, sections, and 
rails, and the Beardmore works at Parkhead, Glasgow, will be 
remodelled with a view to concentration upon the production 
of heavy forgings, ete. A sum of £100,000, it is stated, will 
be expended within the next year on remodelling the Parkhead 
works and bringing them into line with the latest practice in 
steel production. 

While it is hoped that the ultimate effect of the scheme will 
be to increase employment, one of the immediate results of the 
arrangement will be to throw out of work approximately 600 
men who are at present engaged at Parkhead in the production 
of plates, sections, etc. 

The agreement, it must be emphasised, does not involve the 
amalgamation in any form of the two companies. There will 
be no exchange of shares or fusion of capital interests. 


Belfast New Dock. 


The Belfast Harbour Commissioners have announced their 
intention to proceed immediately with the preliminary work 
in connection with a new dock to be constructed on the site 
of the timber ponds on the north side of the river. The 
capital cost to be incurred will amount to about £500,000, and 
the new dock will provide about 1,000 ft. quayage having a 
depth of 30 ft. at low water and about 1,500 ft. having a depth 
of 23 ft. at low water. <A considerable acreage of reclaimed 
ground will be available for letting, which, with the waterside 
sites that will be created, is expected to attract new industries 
to the port. Included in the scheme is the construction of a 
flour mill with quays of 420 ft. with a 30 ft. depth of water, 
and 180 ft. with a depth of 23 ft. of water, by Messrs. Joseph 
Rank, Ltd., to whom a lease has now been granted. The work 
to be undertaken by the Belfast Harbour Commissioners will 
occupy from three to four years, and will receive financial 
assistance from the Government of Northern ireland. The 
engineer has been authorised to obtain alternative tenders for 
the carrying out of the main dredging by contract and for the 
supply of such plant as he may consider necessary to enable 
the dredging to be carried out by the Commissioners, and to 
submit a report with comparative estimates of the cost which 
will be incurred for further consideration by the Board. 


Electricity Distribution Scheme. 


A scheme has been prepared for extensions of the supply 
and distribution of electricity by the North Wales and South 
Cheshire Joint Electricity Committee. The prospective 
developments will involve an expenditure of something like 
£200,000, for which application has been made to the Advisory 
Board at the Treasury dealing with grants for services of public 
utility for a loan guarantee and a grant toward the payment 
of interest on capital expenditure. The application has been 
submitted by the North Wales Power Co., and has been 
endorsed by the Joint Electricity Committee. The proposals 
of work include the following :—-Completion of the transmission 
line from Bangor to Holyhead ; completion of the transmission 
line from Nantwich to Whittington ; extensions from Maent- 
wrog to Barmouth, Welshpool to Newtown, and Pwllheli to 
Abersoch; additions at the Maentwrog power station to 
enable the power company to meet obligations entered into 
with the Central Electricity Board. 

Hopes are entertained that the sanctions and grants will 
not be long delayed, so as to enable the development scheme 
to be carried out in furtherance of the proposals laid down 
some time ago for an extension of facilities to rural areas. 


New Railway Construction. 


The Bombay, Baroda, and Central India Railway is pre- 
paring plans for the construction of two new railway lines 
aggregating 280 miles in length. A new broad-gauge line is 
to be iaid down between Neemuch and Pachpahar, and this 
line will be extended to link up at Chhabra with the Great 
Indian Pacific Railway system. The other proposal is that 
for a narrow-gauge line from Piplod to Maheshwar, on the 
Nerbudda River. In connection with the Neemuch-Pachpahar 
line, it will be necessary to erect a new railway bridge across 
the Chambal River. 
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Southern Railway’s New Construction. 

The directors of the Southern Railway have authorised the 
expenditure of about £4,300,000 on various new works for this 
year, involving the construction of new locomotives and 
rolling stock, new steamships, new stations, station improve- 
ments, and extensions of electrification. The new engines and 
rolling-stock programme amounts to £1,195,000. The new 
works programme amounts to £386,500. It includes: Exeter 
(Queen Street), reconstruction of station, £197,000; Dover 
(new Customs shed), £96,000, work on which has not yet 
begun; Hastings Station reconstruction, £202,000; West 
Croydon and Beddington Lane, widening of line, £72,000 ; 
Dover Priory Station, reconstruction, £135,000 ; and Ashford 
(Kent), new locomotive depot, £81,000, work on which has 
already begun. 


Special Submarine Cable. 

The Australian telephone authorities propose to lay a 
submarine telephone cable between Cowes, on Phillip Island, 
and Stoney Point, on the mainland. The cable must be of 
robust construction in view of the rocky nature of the sea bed 
and the strong tidal currents. These obstacles have hitherto 
prevented the provision of direct communication between the 
two points. 

Steel Sleepers. 

The management of United Steel Companies, Ltd., evidently 
have faith in the success of the experiments with stainless 
railway sleepers and the permanent use of this kind of sleeper 
in the future at any rate for a large mileage of track. At the 
Workington branch of the company a highly developed plant 
has been installed for the economic production of 300 tons of 
steel sleepers per day. 

Idle Furnaces on Tees-side. 

Several North Yorkshire and Tees-side steel furnaces have 
lately been laid idle, and there is a possibility of a number of 
biast furnaces being rendered inoperative. There has been a 
falling off in trade recently, particularly as regards semi- 
manufactured materials, and considerable disappointment 
exists among Tees-side steel firms at these developments. 
Towards the end of last year there was considerable activity, 
and a steady improvement was confidently anticipated for the 
beginning of this vear. Practically the whole of the present 
output of pig iron is being consumed by the producers’ own 
steel plant, and the export trade is almost negligible. The 
present somewhat gloomy outlook is partly attributed to heavy 
undercutting of British prices by Continental firms whose 
works, it is claimed, have more modern machinery and 


equipment installed. 


Scottish Industries Exhibition. 


A Scottish Industries Exhibition will be opened in the 
Alexandra Palace, Wood Green, on February 28, and will 
remain open until March 28. It has been organised to demon- 
strate the quality and magnitude of Scottish manufactures. 
There will be special sections relating to shipbuilding and 
shipping, iron and steel, engineering, sewing machines, lace, 
thread, and knitting wools, bleaching and’ dyeing, sugar 
refining, and flour, oats, biscuits, and bakery. Arrangements 
have been made to encourage visitors from oversea to the 
British Industries Fair to visit also the Scottish Industries 
Exhibition. 


Marking Imported Machinery Belting. 

The Standing Committee under the Merchandise Marks 
Act have reported in favour of an Order respecting imported 
machinery belting (including conveyer and elevated bands) 
other than belting of metal. They consider it essential that 
the method of marking shall be of such a character that it can 
be readily checked by the Customs authorities without risk 
of injury to the goods or delay in trade. In regard to the sale 
of such belting in the United Kingdom, they consider that 
each portion sold or exposed for sale should bear a label 
marked with an indication of origin, securely attached to vhe 
belting. The report is published by H.M. Stationery Office 
(Cmd. 3,475, price 2d.). 


New Business Address. 

The Liverpool Office of the British Thomson-Houston Co., 
Ltd., has now been moved from 16, South Castle Street, to new 
premises at 27-29, Stanley Street, Liverpool. The telephone 
number (Bank 5700), and the’ telegraphic address 
(‘* Asteroidal,’’ Liverpool) remain unchanged. 
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Higher Wages in Steel Works. 


After prolonged negotiations an agreement has been reached 
between the Iron and Steel Trades Employers’ Association and 
the Iron and Steel Traces’ Confederation, involving a general 
improvement in the standard wages of lower-paid workers in 
the heavy steel industry. This agreement covers all important 
steel works in England and Scotland, with the exception of 
Sheftield, where special conditions prevail. Increases have been 
made in the base rates, and advances will range from Is. to 
js. per week. 

A further agreement has been made respecting schedules of 
uniform tonnage rates, improvements in workshop conditions, 
and in conciliation machinery for the adjustment of disputes. 
Improved methods of production are contemplated, and it is 
expected that tonnage workers as well as the lower-paid men 
will benefit from increased earnings. 


Amalgamation of Metal Interests. 


The amalgamation of two important merchanting and 
distributing firms in the non-ferrous metal trade is announced 
by Messrs. Henry Gardner and Co., who are amalgamating 
with the British Metal Corporation. A holding company has 
been formed with a capital of £5,000,000 to acquire the shares 
of both companies, whose separate organisations will be 
preserved. The company will be known as the Amalgamated 
Metal Corporation. 

Shareholders of Henry Gardner and Co. will receive eight 
fully-paid ordinary shares of £1 each of Amalgamated Metai 
Corporation for every five shares held. The British Metal 
Corporation proposes to give shareholders two fully-paid 
shares of £1 each of Amalgamated Metal Corporation in 
exchange for each ordinary share held. It is proposed to give 
shareholders of the preference shares one fully-paid 6°) 
cumulative preference share of £1 each of Amalgamated Metal 
Corporation for each preference share held. 


Widening Putney Bridge. 

It is expected that work on the widening of Putney Bridge 
over the Thames wil! be begun soon. It will take about three 
yeers to complete. The bridge is to be widened from 44 ft. 
to 74 ft. between the parapets. Either footway will be 11 ft. 
6 in. wide, and the carriage-way 51 ft. wide, with the tramway 
tracks at normal spacing in the centre, thus allowing space 
for two lines of vehicles on each side of the tramcars. The 
widening will be effected by extending the piers or abutments 
on the east or downstream side of the bridge. The approaches 
on both banks will be widened correspondingly, and negotia- 
tions with owners of property near the river are in progress 
with this object. The cost is estimated at £433,000, and it is 
expected that a grant of 75°, from the Road Fund will be 
contributed by the Ministry of Transport. 


The Industrial South. 


According to a report for the regional planning of the eastern 
portion of Kent, there are definite possibilities of quite a num- 
ber of towns appearing. This forecast is based on the develop- 
ment of the Kent coalfield. Only two or three years ago the 
most optimistic estimate put the number of pits down at 
eighteen, with a yearly tonnage of 13,500,000, and even this 
would take thirty years to bring about. Now we are informed 
that the next decade alone will see twelve pits at work with 
an annual output of ten million tons. That would entail a 
population of 150,000, no mean addition to the ranks of 
industrial workers in a district hitherto associated with 
agriculture in one or ether of its forms. Mining development 
does not stop short with the miners; accompanying them 
come a host of ancillary industries. 


Swedish Electrification Scheme. 

The Swedish Railway Board has prepared a plan for the 
electrification of the southern section of the State Railways. 
Some 285 miles of electrified main line, between Stockholm 
and Gothenburg, have been in operation for some time, and 
it is now proposed to electrify 530 miles of main line south 
of the Stockholm-Gothenburg line. The principal! railway 
in this section is the Stockholm-Malmoe-Trelleborg line. In 
addition to this line, the junction lines between the Stockholm- 
Gothenburg and Stockholm-Malmoe railways are to be con- 
verted to electric working. The scheme would take three years 
to complete and would cost £4,000,000, but it is not expected 
that work will be started until July, 1931. Included in the 
estimated cost is a figure of £1,150,000 for the purchase of 
104 new electric locomotives and the modification of old 
rolling-stock. 
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Promoting Safety in Mines. 


A demonstration has been given to a number of miners’ 
Parliamentary representatives of a new electric safety lamp 
alarm for use in the mines. The instrument not only indicates 
when gas is present in a pit, but automatically cuts off the 
electric current when a certain percentage of gas is in the 
vicinity. Mr. Ringrose, who gave the demonstration, said it 
was obvious that the greatest menace to the miner was gas. 
The electric lamp he had invented was arranged so that a red 
light flashed immediately the miner walked into a certain 
percentage of gas. He contended that there was no valid 
reason why the lamp should not be introduced, but the objec- 
tion of the owners, he said, was that it told the men too much, 
and would interfere with output. 

Another instrument demonstrated was what he called a 
“sentinel,” which automatically cuts off electric power for 
lighting and for the operation of the electric coal-cutters long 
before the gas in a pit becomes explosive. 


Pneumatic Drills in Road Repairs. 


Complaints are being made to various authorities from time 
to time respecting the excessive noise being made by pneumatic 
tools used for breaking up roadways and their foundations, 
and help has been sought with a view to reducing the nuisance. 
From a report that has been made, it is evident that, although 
claims have been made by some makers that they have been 
successful in producing a silencing device, the problem has 
not yet been solved. The present situation is undoubtedly 
difficult. There is no doubt that the noise made by these 
tools is a great nuisance, but, on the other hand, the saving 
of time arising from their employment is so considerable 
that a return to the former method of pick, chisel, and hammer 
would be retrogressive. Experiments are being made, and 
no doubt ultimately pneumatic tools for this purpose will be 
produced which, ti not silent, will be at least less noisy than 
those at present in use. 


Speedy Draughtsmanship. 


The attainment of speed in draughtsmanship involves a 
good deal of thinking upon right lines and an ability to visualise 
the work to be made from a design; the attainment of the 
latter faculty could, in general, only be obtained by a proper 
course of training in the works, either preparatory or sub- 
sequent to the gaining of experience in the drawing office, 
and Mr. F. T. Woods, in a paper read before the Junior 
Institution of Engineers recently, strongly urged that all young 
men entering the engineering profession had a thorough shop 
training before entering the drawing office, and further advo- 
cated the closest co-operation between it and the works by 
the appointment of some person, thoroughly conversant with 
the equipment and capabilities of the works, who should be 
called into consultation with the design office when new work 
or changes of existing patterns were to be undertaken. 


Obituary. 

Mr. William Tummon, J.P., a former member of the Sheftield 
City Council, died recently at the age of 70. He entered the 
service of Messrs. Lockwood Bros., Ltd., Spital Hill Works, 
and rose to the position of manager. He was a man of many 
activities, and an indefatigable worker in the public life of 
Sheffield. 


Mr. John Hall, chairman of Hall and Pickles, iron and steel 
merchants, Manchester, died at the age of 59. He joined the 
business of which he became head, succeeding his father. He 
was also chairman of the Chatwood Safe Co., Ltd., formerly of 
Trafford Park, Manchester, now at Stafford. He organised the 
removal of these two firms. building new works of the most 
modern type. with housing for the employees. He was also 
for many years chairman of the Iron and Steel Stockholders’ 
Association of Lancashire and Yorkshire. 


A well-known townsman has passed away in Mr. James 
Duncan Carmichael, of 10, Sydenham Terrace, South Shields. 
He was managing director of Carmichael Bros., Ltd., Lron- 
founders, and filled useful positions in various walks in life. 

He was a native of Glasgow, but had resided in South 
Shields for the last fifty years. He was a past president of the 
Newcastle branch of the Institute of British Foundrymen, and 
was responsible for arranging the scheme associated with the 
John Surtees Memorial on behalf of the donor, Mr. Meyer. 
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Some Contracts. 


Included in recent orders received by the British Thomson- 
Houston Co., Ltd., Rugby, for electrical plant destined for 
duty overseas is one from the High Commissioner for India for 
four large water-wheel driven alternator sets, to be used in 
the Shanan Power Station, in connection with the Uhl River 
hydro-electric scheme. Each alternator will be driven by a 
Boving water-wheel, and will have an output of 12,000 kw. 
(16,000 h.p.). Each set will be provided with direct-coupled 
exciters arranged for automatic voltage regulation. 

For the supply of electric power to the mines of Messrs. 
Broken Hill. Ltd., Broken Hill, South, Ltd., and the Zine 
Corporation, Ltd., Australia, a particularly notable central 
power station is projected, and it is interesting to record that 
orders have been received by the British Thomson-Houston 
Co., Ltd., on behalf of Messrs. Australian Ore and Metal Pty., 
Ltd., for the six 2,500 kva. (2,700 h.p.) alternators and the 
whole of the sw tch gear. The rotors, which are of cast 
iron, are designed to give sufficient flywheel effect to 
ensure an engine cyclic irregularity not exceeding 1/250 
without the use of any additional flywheel. The stator frames 
are built up of fabricated construction. They will be mounted 
direct on the engine crankshafts, there being an outer bearing 
between each alternator and its overhung 110-volt exciter. 


Dorman, Long and Co., Middlesbrough, have obtained a 
contract from the Crown Agents for the Colonies for 9,000 
tons of steel sleepers for the Uganda, Kenya, and Tanganyika 
Railways. The sleepers are to be manufactured at the South 
Bank works, and will provide three months’ work for the 
sleeper plant, which will produce 600 tons a week. 


One of the largest industrial transformers ever made in this 
country has been crdered from the Hackbridge Electric Con- 
struction Co., Ltd., Walton-on-Thames. These transformers, 
comprising 25 units, have an operating voitage of 154,000 volts, 
and will be the highest voltage power transformers so far 
manufactured in the country. They have been ordered by the 
Northern Aluminium Co.. Ltd... London, and the value of the 
order is nearly £150,000. Tenders were invited from the leading 
Canadian and European manufacturers. 


Though there is a difference of about £21,000 in the price, 
the Hackney Borough Council have been recommended to 
accept a tender for British-made turbine-house plant in con- 
nection with the 30,000 k.w. extension at the Millfields Road 
generating station, in preference to a tender for plant made 
mainly in Germany. The tender for the latter plant amounted 
to £84,516, but it is stated that the specifications put forward 
would not reach the ordinary ** standard “ machine of British 
manufacture. They were advised that the steam efficiency of 
this turbine would be unlikely to reach the level of that which 
could be depended upon from any of the British designs. The 
Committee pass over a British tender on the ground that the 
company has not built a turbine of this capacity, and recom- 
mend the acceptance of the tender of C. A. Parsons and Co., 
Ltd., for £105,484. Other contracts recommended for accept- 
ance include: Boiler-house plant and = buildings (Simon- 
Carves, Ltd.), £222,039. Switchgear (A. Reyrolle and Co., 
Ltd.), £77,900. Turbine-house and other buildings (J. Jarvis 
and Sons, Ltd.), £39,893. 


Vickers-Armstrongs, Barrow, have been awarded the 
contracts for two turbo-electric liners by the Peninsular and 
Oriental Steam Navigation Co. This is the biggest order 
booked by the firm for ten years, and will provide employment 
for 2,500 hands for two years. The liners will probably be of 
about 20,000 tons. and capable of a speed of about 20 knots. 
The boilers will be of the Yarrow high-pressure type, similar 
to those supplied for the liner Viceroy of India. For one of the 
vessels the boilers will be constructed by Yarrow and Co.., 
Scotstoun, while in the other case the boilers will be built by 
Vickers-Armstrongs to designs supplied by Messrs. Yarrow. 


Contracts for two 12,300-ton tankers have been placed with 
Palmer's Shipbuilding and Iron Co., Ltd., Jarrow-on-Tyne, 
by the Anglo-American Oil Co., Ltd., as the latest addition to 
their fleet of sixty vessels. Both the ships and the machinery 
are to be constructed entirely of British material. The 
engines are being supplied by William Doxford and Sons, 
Sunderland. 
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An interesting item among important orders recently 
received by the Metropolitan-Vickers Electrical Co. is one for 
the electrical equipment of a large new rolling mill which the 
Whitehead Iron and Steel Co. are putting down at their New- 
port works. Mr. L. D. Whitehead, managing director of the 
Whitehead Iron and Steel Co., recently stated that the new 
mill will be the biggest producing unit of its description in the 
world, and added that all the equipment would be made in 
this country. 

The electrical equipment ordered includes six rolling-mill 
drives, one of 1,500 h.p. and five of 700 h.p., together with two 
1,500 k.w. rotary converters, which will give a supply of direct 
current for operation of the mill motors. The contract also 
includes the transformers for the rotary converters, and the 
necessary high tension and low-tension switchgear. 

The new mill is being built by Messrs. Davy Bros., Ltd., of 
Sheffield. It is described as a 14 in.—12 in. semi-continuous 
merchant mill of the Morgan type, and it is laid out for the 
production of a large variety of semi-finished and finished 
products, including sheet-bar, general merchant sections, and 
rods down to No. 2 gauge. One of the 700 h.p. drives is for a 
roughing mill, the 1,500 h.p. drive is for intermediate mills, and 
the other four 700 h.p. drives are for finishing stands. The 
control of the motors will be centralised at a control desk, so 
placed that it commands a full view of the whole mill. 


The International Electrolytic Plant Co., Chester, have 
secured a contract from the Consolidated Mining and Smelting 
Co., of Canada, Ltd., for a large Knowles electrolytic hydrogen 
plant, which will be installed at Trail, British Columbia, to 
produce hydrogen for synthetic ammonia for artificial fer- 
tilisers. The plant will comprise 306 cells operating at 10,000 
amperes 2-125 volts per cell, connected in series to run as one 
battery on a 650-volt d.c. supply from mercury are rectifiers. 
The hourly production of hydrogen will be 49,380 cub. ft., and 
as the power absorbed will be 6,500 k.w., the consumption 
amounts to 131-7 k.w.h. per 1,000 cub. ft. of hydrogen. 


The widening of Fallingroyd Bridge, near Hebden Bridge, 
which at present is a dangerous place on the main turnpike 
road from Yorkshire into Lancashire, has been let by the 
West Riding County Council to the Norwest Constructional 
Co., Liverpool, for the general work, and to the Widnes 
Foundry, Ltd., Widnes, for the steel work. The cost is esti- 
mated at £9,500. 


Some details are available of a large contract, the cost of 
which is said to run into six figures, which was secured recently 
by Hathorn Davey and Co., pumping engineers, of Leeds, for 
the construction of vertical triple-expansion steam-engine ram 
pumps. for the Metropolitan Water Board’s new Deptford 
pumping station. The new pumping plant will be a duplicate 
of that erected by Hathorn Davey and Co. at the Walton-on- 
Thames pumping station of the Metropolitan Water Board 
nearly three years ago. That plant was, until about a year 
ago, the largest in Europe. The new plant will be designed 
to draw 7,200,000 gals. of water a day from a well; then, 
independently, to raise this quantity and other water 
(8,300,000 gals. a day) to a height of 200 ft. It will also raise 
from 2,510,000 to 3,000,000 gals. a day to a height of 300 ft., 
and from 900,000 gals. to 1,000,000 gals. a day to a height of 
400 ft. That is to say, it will raise about 12,000,000 gals. a day. 


Robert Stephenson and Co., Darlington, have received a 
contract from the Centre! Argentine Railway for twenty tank 
engines of the 0-6-2 type. The engines will each weigh 63 
tons, and the order, worth £73,000, will take nine months to 


execute. 


A contract was concluded in London on Saturday for the 
supply to the Central Argentine Railway of twenty locomotives 
and tenders by Vulcan Foundry, Newton-le-Willows, Lan- 
cashire, at the price of £150,000. 


The Posts and Telegraph Department, Wellington, have 
placed orders for copper earthplates to I.C.1. Metals, Ltd. 
London ; cable to W. T. Glover and Co., Ltd., Manchester ; 
2,000 telephone earpieces to Siemens Bros., Woolwich ; 70,000 
insulator bolts to Charles Richards and Sons, Ltd., Darlaston. 


The London Midland and Scottish Railway has placed 
contracts with Tees-side steel manufacturers for steel railway 
chairs to a value of £50,000, 
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Some Contracts—continued. 


The Ailsa Shipbuilding Co., Ltd., Troon and Ayr, have 
contracted to build for the General Steam Navigation Co., 
London, a single-screw steamer for their Continental trade. 
The vessel, which will have a deadweight capacity of 1,600 
tons, will be classed with Lloyd's, and a special feature will 
be the provision made for pre-cooling fruit cargoes, and for 
carrying cargoes of fruit and chilled or frozen meat 
taneously. The system will be entirely dependent on air- 
cooling batteries and situated in a 
addition, separate compartments will be provided for carrying 
dairy produce and specially constructed 
valuable cargo. Triple-expansion engines will be supplied 
by the builders, and the vessel will be laid down in the Ailsa 
Co.'s Troon yard. 


simul- 


fans cooler-house. In 


strongrooms for 


The Birtley Iron Co., Ltd., have received contracts from the 
Bolsover Colliery Co., Ltd., and the Gas Light and Coke Co.., 
Ltd., for coal cleaning and grading plant. The former plant is 
to be designed so that the finest material from the colliery’s 
raw slack can be extracted and burned at the pithead as 
pulverised fuel under water-tube boilers. The Gas Light and 
Coke Co.'s plant will be installed at the Southall works, and 
will have a capacity of 20 tons per hour of gas coke nuts 
l} in. to gin. in size. The same firm has also secured an 
order from the Société Fermiere des Mines Fiscales de |’ Etat, 
Upper Silesia, to treat 100 tons of coal per hour below 35 mm. 
Another contract obtained is a cleaning plant for one of the 
Zaklady Solvay pits in Poland. 


The Mercantile Dry Dock Co., Ltd., Jarrow, have booked 
an important contract in face of keen home and foreign 
competition for repairing the Belgian steamer Koningin 
Elisabeth, belonging to L. Dens and Co., of Antwerp. The work 
will occupy about four weeks. Another contract booked by the 
Jarrow firm is for hull repairs to the Raby Castle, owned by 
Messrs. J. Chambers and Co., of Liverpool, which has been 
at the North Eastern Marine Engineering Co.'s yard, Wallsend, 
for machinery overhaul. 


The Anglo-Persian Oil Co., Ltd., have placed orders w.th 
British shipbuilding yards which, together with those being 
placed with steelworks and industrial Creat 
Britain, will amount to the value of approximately £3,500,000. 
The orders include six new oil-carrying vessels totalling approxi 
mately 60,000 These ships are for the company’s 
shipping organisation, the British Tanker Co., Ltd., and will 


concerns in 


tons. 


be employed in carrying various oil products of the Anglo- 
Persian Oil Co. All six vessels will be motor-driven. Three 
of the orders have been placed with Palmer’s Shipbuilding 
and Iron Co., Ltd., of Hebburn-on-Tyne, and are for Doxford- 
engined ships. The engines for two of these will be built by 
Doxfords, while those for the third are to be built by Richard- 
sons, Westgarth and Co. The orders for the other three ships 
have been placed with Lithgows, Ltd., on the Clyde. All 
three are to be fitted with Burmeister and Wain motor engines, 
to be built by Kincaids, Greenock. 


divided an order for 
between Dorman. 
The total contract 


The London 
10,000 ‘tons of 
Long and Co. and the Cargo Fleet [ron Co. 
is valued at £100,000. 


County Council has 


steel tram-rails equally 


The French associate company of International Combustion, 
Ltd., Sociétés Anonymes des Foyers Automatiques, Paris, has 
received two important orders for wood-type steam generators. 
The first order, for the Quaregnon Power Station, comprises 
three steam generators having an evaporation of 190,000 Ib. 
to 225,000 lb. per hour at 950 lb. pressure and 840° F. final 
temperature. The boilers will normally be fired with pulverised 
coal, but provision will be made for using as fuel dehydro- 
genated coke-oven gas. The second order is for one steam 
generator of a similar design evaporating 80,000 Ib. to 90,000 Ib. 
per hour at a pressure of 400 lb. per square inch, and a final 
temperature of 800° F. This unit will fired with 
pulverised fuel, and is intended for the Hensies Pommeroeul 


also be 


Collieries. 
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The Westinghouse Brake and Saxby Signal Co., Ltd. 
London, have received an order for Messrs. Pearson and 
Dorman, Long, Ltd., for all pneumatic decking plant for the 
Downcast Pit, Betteshanger Colliery. The equipment includes 
rams, key operating cvlinders, Scotch blocks, and gates, with 
the requisite control valves and gear. 


The South Indian Railway has placed a further contract in 
connection with their Madras electrification scheme, the order 
for electric cables and accessories being placed this week 
with Callender’s Cable and Construction Co., Ltd., London. 
The value of the order amounts to £6,000. 


Barclay. Curle, and Co., Ltd., shipbuilders, Glasgow, have 
received from Burns, Philip, and Co., Ltd., Sydney, an order 
for a motor-ship of about 5,000 tons gross. This vessel will 
somewhat similar dimensions to the Malabar, which 
Barclay, Curle, and Co., Ltd., built for the owners 
about three years ago. Diesel engines will be supplied by John 
G. Kineaird and Co., Ltd., Greenock. 


be of 
same 


Trade Circulars and Publications. 


In their Bulletin No. 62, Alloy Welding Processes, Ltd., 
illustrate the usefulness of the microscopic method of investiga- 
tion as applied to the welding of metals and alloys, and to show 
the effect of various flux compositions upon the deposited weld 
metal. The effect upon the weld or deposited metal of adding 
various grades of flux coatings is illustrated by a series of 
photomicrographs, 


We have received particulars of a high percentage alloy 
tool steel manufactured by Osborn’s, and known as 8.O.B.V. 
It is claimed to possess cutting qualities and powers of endur- 
than any malleable and machinable tool steel 
Extracts from reports refer to the high quality 
Particulars are available to those interested on 
Ltd., Clyde Steel 


ance greater 
vet evolved. 
of this steel. 
application to Samuel Osborn and Co., 


Works, Sheffield. 


The current issue of the Nickel Bulletin contains quite a 
number of interesting features. Particular attention is drawn 
to some typical examples of the industrial uses of cronite, a 
heat-resisting nickel-chromium alloy. In addition, this issue 
contains extracts and references from recent work in the use 
of nickel and the various properties associated with this 
element. This bulletin is available on application to the 
Bureau of Information on Nickel, the Mond Nickel Co., Ltd., 
Imperial Chemical House, London, S.W. 1. 


\ very interesting and instructive booklet has been received 
describing a new light alloy, Cindal, which is claimed to be 
superior to any aluminium alloy of similar type. The need 
for an aluminium alloy to resist corrosive influences has long 
been recognised, and it is said of Cindal, after much experi- 
mental work, that it is far in advance of any yet produced as a 
corrosive resistant. After long periods of exposure to atmo- 
spheric, sea-water, and other corrosive influences, no signs of 
detriment were visible. A special refining process to which 
these alloys are subjected during the time of manufacture is 
described in detail in this booklet, and all users of aluminium 
alloys will find a perusal of its pages extremely useful and 

It is available on application to D. and J. 
Clydebank N.B. 


informative. 


Tullis, Ltd. 


A previous issue referred to the formation of the Electric 
Resistance Furnace Co., Ltd., as a subsidiary of the Electric 
Furnace Co., Ltd., and it is of interest that the new company 
have issued *“* The Resistance Furnace,’ which deals with the 
electricity in its application to heat for industrial 
purposes. Those interested can obtain a copy from 17, Victoria 
Street, London, S.W. 1. 


use of 
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The Iron and Steel Report. 
Tue decision of Midland iron-makers last month not to 
increase pig-iron prices further was pretty well in accord- 
ance with the expectations of both buyers and sellers, and 
the indications are that for the time being at all events 
values in this section have reached their peak. 

Demand for foundry iron during the past month has 
died off appreciably. So far as the Lancashire area is 
concerned, however, this is due more to the fact that users 
had previously been rather free buyers over the first three 
or four months of the year, and that the majority of them 
had now filled their prospective requirements over that 
period. Conditions at the foundries in Lancashire are not 
uniformly satisfactory, and a good many of them are work- 
ing at much below capacity. The present position, however, 
is certainly no worse than it has been during the past six 
months or so, and in the aggregate a good tonnage of iron 
is going into consumption. Staffordshire and Derbyshire 
No. 3, for delivery to users in the Manchester price zone, 
are at 77s. per ton, with Scottish makes at about 95s., and 
West Coast brands of hematite at round 92s., including 
delivery equal to Manchester in each instance. 

For delivery to Black Country stations, foundries are 
being asked to pay 78s. 6d. for Derbyshire and 3s, 6d. 
less for Northamptonshire brands of pig iron. In the 
Midlands also there is much less anxiety to place orders for 
more material, although consumption in the district is on a 
fairly active scale. In view of the fact that blast furnaces 
are finding it a matter of less difficulty in keeping abreast 
of delivery instructions, there is a tendency among users 
in the Midlands to look for lower prices in the near future. 

From the point of View of producers, the market position 
of foundry iron on the North-East coast is a good deal less 
“ bullish at the moment than it has been for nearly 
twelve months, and in this part of the country also buyers 
are following a cautious policy, current orders, as far as is 
practicable, being restricted to the filling of early needs. 
This caution is due to the fact that the statistical position 
of North-East coast iron-makers is less strong than before. 
Blast-furnace stocks tend to grow somewhat, although 
even now they are by no means of unwieldy dimensions. 
Scottish users of Cleveland brands of foundry iron are 
buying sparingly, and with plentiful offers of Continental 
makes on the Clyde at keenly competitive prices, they are 
encouraged to maintain this attitude in the hope of securing 
supplies at more advantageous rates later. For the time 
being, however, makers are maintaining prices, Cleveland 
No. 3 G.M.B. continuing to be offered on the basis of 
72s. 6d. per ton at the furnaces. 

In the case of finished iron, producers of crown bars, 
both in the Midlands and in Lancashire, are doing a 
relatively poor business. In the common qualities for the 
nut and bolt trade in particular they are meeting with 
exceptionally keen competition from the products of 
Continental makers, prices for the latter for delivery to 
consuming centres in this country being appreciably below 
those that are being quoted for the British articles. There 
is, however, a fairly good demand about for marked bars, 
and the Midland markets regard these at the moment as 
one of the few bright spots. 

With regard to steel, there is room for considerable 
improvement in the movement of material for the ship- 
yards, and Budget uncertainties are advanced by sellers 
as a very cogent explanation of why a good many construc- 
tional schemes of importance are held in abeyance. Cer- 
tainly in most districts the number of constructional 
engineering firms who are really actively employed are 
outnumbered by those much less favourably situated. 
Boiler makers are taking very limited quantities of steel 
material, although a fairly satisfactory movement of plates 
and other varieties is going on in connection with the 
locomotive building industry. many firms in this branch 
now having reasonably good order books. So far as prices 
are concerned, the position in respect of steel generally 
has undergone no change during the past month, prospects 
at the moment seeming to point to continued firmness. 
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Some Exhibitors at Birmingham. 

The following are a few of the exhibitors who have supplied 
advance information respecting their exhibits from which the 
brief review on 144 has been written : 

Alldays and Onions, Ltd. 

Accles and Pollock, Ltd. 

Allen-Liversidge, Ltd. 
Avery, W. and T., Ltd. 
Beecroft and Partners, 
Bolton, T., and Sons. 
Birmingham Small Arms Co., Ltd. 
British Thomson-Houston Co., Ltd. 
Brittania Tube Co., Ltd. 

British Tube Mills, Ltd. 

Brookes and Adams, Ltd. 

Brookes (Oldbury), Ltd. 

Cambridge Instrument Co., Ltd. 
Catterson-Smith, R.M. 

Coventry Malleable and Aluminium, Ltd. 
Diecastings, Ltd. 

Doncaster and Sons, Ltd. 


Earl of Dudleys Round Oak Works, Ltd. 


page 


Ltd. 


Edwards, F. J., Ltd. 

Earle, Bourne and Co., Ltd. 
Ewart Chainbelt Co., Ltd. 
Electric Furnace Co., Ltd. 
Firth and Sons, Ltd. 
General Refractories, Ltd. 
General Electric Co., Ltd. 


Hale, T. L., Ltd. (Tipton). 
Hadfields, Ltd. 

Herbert, Alfred, Ltd. 

Hope, Henry, and Sons, Ltd. 
Imperial Chemical Industries, Ltd. 


Lucas Furnaces, Ltd. 
Lees, J. B. and 38., Ltd. 
Lee, Arthur, and Sons, Ltd. 


Ley’s Malleable Castings Co., Ltd. 
Meltham Silica Fire Brick Co., Ltd. 
Metropolitan Vickers Co., Ltd. 


Mills, Ltd., James, Exors. of. 
Monel-Weir, Ltd. 

Pearson and Knowles Coal and Tron Co., Lt: 
Pneulee, Ltd. 

Rigby. J.. and Sons, Ltd. 

Rapid Magnetting Machine Co., Ltd. 
Smith, John, Ltd. 

Serck Tubes, Ltd. 

Swift, Levick and Sons, Ltd. 
Somers, W., Ltd. 

Timmis and Co.; Ltd. 

United Steel Co.'s, Ltd. 

Viozone, Ltd. 

Watsons (Metallurgists), Ltd. 

Zine Alloy Rust-Proofing Co., Ltd. 


Industrial Merger Contemplated. 


THE annual meeting of the Wigan Coal and Iron Co. have 
announced that a provisional agreement has been reached 
with five other companies concerning amalgamation. The 
companies concerned are Rylands Bros., Ltd., the Wigan 
Junction Colliery Co., Ltd., in which Pearson and Knowles 
Coal and Lron Co. have acquired all the share capital, the 
Partington Steel and Iron Co., Ltd., and the Moss Hall 
Co., Ltd., in which they have the controlling interest. 
These companies have. been controlled by Sir W. G. 
Armstrong Whitworth and Co., Ltd., since 1920. If an 
amalgamation is definitely arranged it will mean that the 
concern will have blast furnaces, coke ovens, steel furnaces, 
foundries, and rolling mills at Irlam, collieries at Lower 
Ince, near Wigan, and elsewhere, collieries, forges, and wire- 
drawing works at Warrington, and will own leases of iron- 
stone mines in Northamptonshire, and limestone quarries 
in North Wales, in addition to the various interests of the 
Wigan Coal and Iron Co. 

In view of the magnitude of the amalgamation, it will be 
realised that the negotiations must be of a protracted 
nature, and the result of their deliberations is awaited 
with a considerable degree of interest. 
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MARKET PRICES 


MANUFACTURED IRON. 


ALUMINIUM. 


99% Purity 
Castings, 2.L5 Alloy 


Scotland 
Crown Bars 
N.E. Coast 
Rivets ..... 
Best Bars . 
Common Bars 
Lancashire 
Crown Bars 
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Crown Bars 
Marked Bars... 
Unmarked Bars 
Nut and Bolt 
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Best Bars 
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ANTIMONY. 
English. 
Chinese 
Crude .... 


BRASS. 


Solid Drawn Tubes.... 
Brazed Tubes 

Rods Drawn 

Wire 


*Extruded Brass 


COPPER. 
Standard Cash ; 
Electrolytic 
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Tough 

Sheets 

Wire Bars 

Ingot Bars 
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Brazed Tubes 
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FERRO ALLOYS. 


Tungsten Metal 
Ferro Tungsten 
Ferro Chrome, 
carbon, max 
12 per unit 
Ferro Chrome Carbon 
Metallic Chromium . 
Ferro Vanadium 25-50°, Foundry No. } 
Ferro-Silicon 25°, n No. 3 
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- 6 - f : = 
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Titanium 23-25%, No. 3 
Nickel No. 4 

Cobalt 
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+Phos. 
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Powder... Ib 
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90 
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Free Ib Scotland 

Hematite M/Nos. 


75 
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Foundry No. 3 
os No. 4 
Silicon Iron 
Forge No. 4 
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Hematite 

Foundry Coke Midlands 
S. Wales Export : N. Staffs 
Sheffield 
Durham 

Furnace Coke 
Sheffield Export 
S. Wales ‘ 
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Phosphorus 


FUELS. 


Forge 
ve Foundry 
Northants 
Forge No. 4 
Foundry No. 3 
Derbyshire Forge 
Foundry 


West Coast Hematite 


Kast 
GUN METAL. 
Commercial Ingots .. : 
*Gunmeta!l Bars, Tank brand, 
lin. dia. and upwards Ib. 0 1 
*Cored Bars. ; <a oO 1 


£71 0 


Copper Clean . 


- Braziery 
LEAD. vi Wire 
eceee e° 4 ) Brass .. 


Soft Foreign . 
Gun Metal 


English 


* McKechnie Brothers, Ltd., quoted February 8. 
Pearson & Knowles’ Current Basis Prices : 
Iron Hoops, £12; Best Special Steel Baling Hoops, £9 15s. Od. ; 
C.R. & C.A. Steel Hoops, £12 10s. Od. to £13 10s. Od 


Stainless Installation. 

It is reported that more than 1,200 tons of stainless steel 
plates will be used in heightening the great Assouan dam in 
Egypt, the contract for which was obtained recently by English 
engineers. This the largest 
individual order for stainless steel ever given out, and. the first 
application of such material to water storage engineering. As 
the cost of stainless steel is somewhat in the region of £100 
per ton, the order will represent a huge sum of money. 
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SCRAP METAL — continued. 
0 
Aiuminium Cuttings . 6b 0 0 
Lead : 2 0 0 
Heavy Steel 
S. Wales : 6 
Scotland ¢ 0 
Cleveland 6 
Cast Iron 
Lancashire ws 2 ee 
S. Wales 219 6 
Cleveland 3 6 O 
Steel Turnings 
Cleveland 2 6 
Lancashire 2 0 
Cast Iron Borings 
Cleveland 213 Oo 
Scotland 2 0 


SPELTER. 


G.O.B, Official . 
Hard 

English 

India 
Re-melted .. 


STEEL. 


Ship Plates (Scotland) 
(N.E Coast) ... 
(Scotland)... 

- 7 (N.E. Coast) 
Sheets 20 W.G. 


Boiler 


(Midlands) ... 
Joists ... neeeeen 
Heavy Rails 
Fish-Plates . 
Light Rails 
Sheffield 
Siemens Acid Billets... 
Hard Basic 
Medium Basic 
Soft Basic 
Hoops 
Manchester 
Hoops. es 
Bridge and Tank Plates . 
Ea 
Tool Steel, High Speed 
Finished Bars 18°, Tungsten. 
Round and Squares, $in. to } in 
Under jin. to sin ‘ 
P . . Round and Squares 3 in. 
r Flats under | in. 2 in. 


No. 3 4 in. } in. 


No. 3 Standard Cash 
English.... 
Australian 
Eastern 

Tin Plates LC. 2 
Block Tin Cash 


SCRAP METAL. 


English Sheets 
Rods 
Battery 


+ C. Clifford & Son, Ltd., quoted February 8. 


Wrought Iron Bars, £10 15s. 0d.; Mild Steel Bars, £8 5s. Od. to £8 10s. Od. ; Wrought 
Soft Steel Hoops (Coopers’ and Ordinary Qualities), £9 to £9 5s. Od. ; 
.; “Iris”? Bars, £9 15s. Od. 


All Nett Cash. 


Personal 
Mr. 8S. Nichols, who has been for some years manager of the 
Middlesbrough Office of the British Thomson-Houston Co. 
Ltd., is now relinquishing this position and becoming manager 
of this company’s Liverpool Office at 27-29, Stanley Street, 
Liverpool. 
Mr. A. D. Mackinnon, for many years a member of the 
company’s Glasgow Office staff, has been appointed manager of 
the company’s Middlesbrough Office, 











